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RECENT  PROGRESS  IN  APPLIED 
CHEMISTRY  AND  IN 
ENGINEERING 


By  James  0.  Handy* 


It  is  customary  at  this  time  for  the  retiring  executive  to 
mention  the  features  of  the  Society’s  work  which  have  proceeded 
most  satisfactorily  and  to  suggest  lines  along  which  future  ac¬ 
tivity  might  well  be  directed. 

In  reviewing  the  work  of  the  past  year,  it  has  given  me 
great  pleasure  to  note  the  increasing  cordiality  and  good  fellow¬ 
ship  among  our  members.  This,  I  believe,  has  been  brought 
about  in  no  small  degree  by  the  fine  activity  of  the  reception 
committee,  the  members  of  which,  have  made  it  perfectly  evident 
that  everyone  is  welcome  and  that  everyone  desires  to  be  better 
acquainted. 

The  inspection  trips  and  social  gatherings  have  been  im¬ 
portant  features  and  have  been  very  successful. 

The  work  of  the  publication  committee  is  worthy  of  special 
commendation,  because  of  the  high  class  of  the  papers  which 
its  members  have  persuaded  the  authors  to  deliver  to  us.  The 
selection  of  subjects  of  especial  interest  and  value  to  the  ma¬ 
jority  of  our  members  is  a  point  which  should  meet  with  our 
hearty  approval. 

The  growth  of  the  Society  has  been  most  satisfactory.  For 
the  first  time  in  many  years  our  membership  has  passed  the 
thousand  mark  and  it  seems  likely  to  remain  permanently  above 
that  point. 

It  is  a  natural  ambition  on  the  part  of  a  great  society  like 
ours  to  own  in  whole  or  in  part  a  building  chiefly  dedicated  to 
the  use  of  engineering  societies.  In  a  city  like  Pittsburgh,  how¬ 
ever,  the  investment  for  a  building  site  and  building  in  the 
down-town  district  would  be  very  large  and  we  could  not  under- 

♦Director  of  Research  and  Chemical  Engineering  at  the  Pittsburgh 
Testing  Laboratory,  7th  and  Bedford  Aves.,  Pittsburgh. 

Address  of  Retiring  President.  Presented  at  the  Annual  Meeting  of 
the  Society  January  21st,  and  published  in  the  February,  1913,  Proceedings. 
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take  it  alone,  but  it  is  to  be  hoped  that  a  feasible  plan  may  be 
found  whereby  the  various  societies  interested  in  engineering 
may  be  brought  together,  and  by  the  aid  of  their  own  resources 
and  the  possible  assistance  of  some  men  who  appreciate  the  en¬ 
gineering  professions  and  their  work,  finally  housed  in  quarters 
peculiarly  their  own.  The  cost  of  maintenance  of  such  quar¬ 
ters,  however,  must  be  carefully  planned  for  before  any  such 
undertaking  is  launched. 

We  are  very  well  situated  for  doing  our  work  where  we 
are.  Nevertheless,  the  ambition  to  own  our  own  home  should 
not  be  allowed  to  lie  dormant.  The  project  should  be  periodi¬ 
cally  discussed  and  when  circumstances  are  favorable,  it  should 
go  forward. 

A  strong  effort  should  be  made  to  draw  into  our  Society 
all  of  the  prominent  engineers  of  the  district.  The  work  which 
we  are  doing  and  which  we  propose  to  do  is  well  worth  their 
attention  and  their  participation. 

The  Engineers’  Society  of  Western  Pennsylvania  is  be¬ 
coming  recognized  more  and  more,  not  only  as  an  organization 
striving  for  mutual  improvement  of  its  members  in  the  mastery 
of  their  professions,  but  it  is  also  recognized  as  a  force  in  the 
community.  One  of  our  past  presidents  is  a  valued  member 
of  the  City  Council.  Two  others  are  frequently  consulted  re¬ 
garding  municipal  affairs.  Your  retiring  executive  was  invited 
by  the  members  of  City  Council  to  nominate  engineers  as  arbi¬ 
trators  in  a  matter  in  which  the  City  was  interested. 

Your  president  has  during  the  past  year  represented  your 
organization  at  a  number  of  important  gatherings,  including 
the  visits  to  the  city  of  large  delegations  from  the  International 
Congresses  for  Testing  Materials  and  Applied  Chemistry.  He 
was  also  a  member  of  the  Committee  which  guided  and  enter¬ 
tained  a  committee  of  very  eminent  gentlemen  from  Munich,  the 
representatives  sent  by  the  city  of  Munich  and  by  the  German 
Government  to  get  ideas  worthy  of  incorporation  in  their  re¬ 
markable  industrial  museum  at  Munich.  The  delegation  in¬ 
cluded  the  president  of  the  great  German  Engineering  Society, 
the  Mayor  of  Munich,  the  former  Secretary  of  State  of  Bavaria 
and  a  number  of  specialists.  Most  recently  your  president  as¬ 
sisted  at  the  welcoming  of  the  National  Association  of  Cement 
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Users.  These  things  all  help  in  establishing  the  standing  of 
the  Society  in  which  we  are  all  interested. 

The  retiring  president  may  do  one  of  two  things.  If  he 
has  been  engaged  in  a  research  which  is  of  especial  engineering 
interest,  he  may  with  propriety  at  this  time  give  the  results 
to  his  colleagues.  On  the  other  hand  he  may  choose  as  of  greater 
importance  and  more  general  interest  the  task  of  summarizing 
the  advance  which  has  taken  place  in  the  various  lines  of  en¬ 
gineering  in  which  our  members  are  known  to  be  engaged  or 
interested.  I  have  chosen  the  latter  task,  and  I  desire  at  this 
point  to  express  my  indebtedness  to  my  friends  who  have  assist¬ 
ed  me  in  looking  into  their  special  fields  and  seeing  the  things 
which  were  of  most  importance  among  the  recent  developments 
in  those  fields.  I  shall  speak  first  of  advances  in  the  field  of 
chemistry  and  its  applications,  because  there  I  am  most  at  home. 
Later,  I  shall  review  progress  in  various  lines  of  engineering, 
and  while  time  will  not  permit  thorough  discussions  of  the  many 
important  matters  which  I  shall  touch  upon  I  hope  that  I  may 
be  able  to  impress  everyone  with  the  great  advances  which  have 
been  made  and  of  the  greater  possibilities  which  lie  before  us. 

APPLIED  CHEMISTRY 

Briefly  stated  chemistry  is  the  science  which  is  based  upon 
chemical  or  intra-atomic  changes  in  matter.  Applied  chemistry 
is  industrial  chemistry,  or  more  broadly  still  it  is  chemistry 
applied  to  the  service  of  man. 

Engineering  is  the  art  of  designing  or  constructing  works 
or  machinery  or  other  appliances,  or  the  devising  of  systems  of 
operation.  Chemical  engineering,  soemtimes  called  engineering 
chemistry,  is  the  art  of  devising  means  for  efficiently  carrying 
out  chemical  and  allied  manufacturing  operations  on  a  large 
scale. 

In  the  field  of  chemistry,  which  has  been  well  called  an 
“untilled  field”  because  of  its  infinite  possibilities  of  further 
development,  we  have  as  raw  material  81  distinct  elemental  sub¬ 
stances.  These  include  solids,  liquids  and  gases  having  a  few 
properties  in  common,  but  for  the  most  part  having  individual 
characteristics.  Beside  these  81  elemental  substances,  there  are 
thousands  upon  thousands  of  compounds  built  up  from  these 
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substances  and  having  properties  different  from  any  of  the  con¬ 
stituent  parts.  A  few  thousand  of  these  substances  have  already 
found  their  special  uses  in  the  world.  Others  will  find  their 
applications  and  new  compounds  will  be  discovered  for  years 
to  come. 

I  propose  to  deal  with  a  few  of  these  discoveries  and  their 
applications. 

The  work  of  the  alchemists  which  continued  up  to  the  18th 
century  accomplished  very  little  for  the  development  of  the 
science  because  of  misapprehensions  of  the  basic  facts  under¬ 
lying  the  most  common  chemical  changes,  that  of  combustion, 
for  example.  The  real  development  of  chemical  science  starts 
from  the  discovery  of  oxygen  in  the  latter  part  of  the  18th 
century. 

_  #  % 

The  chemical  industry  seems  to  have  started  with  the  mak¬ 
ing  of  sulphuric  acid  on  a  large  scale  by  "Ward  near  London 
about  the  year  1740. 

Sulphuric  acid  is  the  basic  product  of  the  chemical  indus¬ 
tries.  It  is  used  in  making  thousands  of  other  chemical  products. 

THE  AMERICAN  SULPHURIC  ACID  INDUSTRY 

About  3  250  000  tons  of  50°  sulphuric  acid  or  its  equivalent 
are  made  and  used  in  the  United  States  every  year.  Approxi¬ 
mately  10  percent  of  this  is  made  by  the  contact  process,  using 
either  iron  oxide  or  platinum  as  the  catalyst.  The  principal 
uses  for  sulphuric  acid  are :  manufacture  of  fertilizer,  2  500  000 
tons ;  refining  of  petroleum  products,  300  000  tons ;  pickling  of 
iron  and  steel  and  neutralization  of  ammonia  in  the  coke  in¬ 
dustry,  200  000  tons ;  nit’ro-explosives  and  celluloid,  150  000 
tons;  manufacture  of  other  acids  and  chemicals  and  miscella¬ 
neous  uses,  200  000  tons. 

The  contact  process  has  been  regarded  as  a  great  advance 
over  the  chamber  or  tower  processes,  but  a  curious  effect  on  the 
comparison  of  cost  of  the  two  processes  has  been  produced  by 
the  development  of  quartz  glass  in  the  form  of  evaporators  for 
the  chamber  acid.  These  can  be  operated  at  such  a  high  rate 
without  injury  or  loss  of  substance  that  the  contact  process, 
with  its  small  plant  but  peculiar  troubles,  is  likely  to  take 
second  place. 
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THE  SODA  INDUSTRY 

The  Ammonia  Soda  or  Solvav  process  is  now  50  years  old, 
and  at  present  it  has  no  serious  competitors.  It  depends  upon 
the  precipitation  of  bicarbonate  of  soda  from  a  salt  solution  to 
which  ammonia  has  been  added,  and  through  which  carbon  di¬ 
oxide  is  passed.  It  is  interesting  to  note  that  the  limestone  is 
calcined  for  carbon  dioxide  production  in  rotary  kilns  similar 
to  those  used  in  cement  manufacture. 

It  is  very  remarkable  from  an  economic  standpoint  that 
the  Solvay  process  still  leads.  It  has  its  great  commercial  de¬ 
fects,  but  the  other  processes  have  greater  ones.  The  yield  is 
still  imperfect.  One-fourth  of  the  salt  used  in  the  process  is 
lost  as  unchanged  salt,  and  the  entire  amount  of  chlorine  is 
practically  a  waste  product  in  the  form  of  calcium  chloride,  of 
which  only  insignificant  amounts  are  as  yet  required  for  indus¬ 
trial  uses,  such  as  refrigeration,  drying,  and  dust  prevention. 

The  Le  Blanc  process  utilizes  all  the  materials  employed, 
and  by-products  made,  but  in  spite  of  this,  the  cost  of  operation 
is  considerably  in  excess  of  that  of  the  Solvay  process. 

The  Electrolytic  Alkali  processes  are  now  25  years  old,  and 
they  are  only  successful  where  there  is  a  demand  for  chlorine, 
as  well  as  alkali,  as  at  paper  and  textile  works. 

NEW  SOURCES  OF  FERTILIZER  SUPPLY7 

The  most  important  advances  in  the  world's  progress  are 
those  which  render  sure  the  maintenance  of  the  world's  food 
supply.  Certain  elements  necessary  to  plant  growth  are  con¬ 
stantly  being  taken  out  of  the  soil  by  the  process  of  agriculture. 
These  must  be  returned  to  the  soil  in  the  form  of  fertilizers  con¬ 
taining  nitrogen,  potash,  phosphoric  acid,  and  minor  substances 
such  as  manganese,  etc. 

The  world's  supply  of  nitrogen  for  fertilizer  has,  until 
recently,  been  derived  from  the  nitrate  of  soda  deposits  of  Chile 
and  the  ammonia  recovered  from  coal  distillation  in  gas  and 
coke  manufacture.  The  exhaustion  of  the  nitrate  deposits  will 
precede  the  exhaustion  of  coal,  but  both  are  limited. 

It  has  long  been  known  that  four-fifths  of  the  earth's  atmos¬ 
phere  is  nitrogen  but  in  its  free  form  it  is  not  available  for 
plant  food.  It  must  be  brought  into  chemical  combination  either 
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with  the  oxygen  with  which  it  is  naturally  mixed,  or  with  hydro¬ 
gen  with  which  it  is  said  to  be  mixed  in  the  extreme  upper  air. 

It  has  been  a  matter,  therefore,  of  the  greatest  importance 
for  the  future  of  the  world’s  population,  that  within  the  last 
few  years  the  process  of  making  nitrates  for  fertilizers  and  for 
other  purposes  from  the  nitrogen  of  the  air  has  been  developed 
into  a  commercially  successful  process. 

THE  MANUFACTURE  OF  NITRATES  FROM  AIR 

Speaking  of  the  commercial  side  of  this  enterprise,  it  is 
understood  that  the  Norwegian  air  nitrate  industry  has  already 
produced  a  sufficient  income  so  that  the  original  loans  have  been 
largely  repaid.  In  June  of  1912,  cominenting  on  market  con¬ 
ditions,  a  trade  journal  said  that  artificial  nitrate  was  selling 
at  8  to  9  pfennigs  (about  2(f)  more  per  kilo  (2.2  lb.)  than  the 
Chilean  nitrate,  but  it  was  expected  that  the  prices  would  soon 
be  equalized.  In  1911,  14  500  tons  of  calcium  nitrate  were  ex¬ 
ported  from  Norway,  and  1034  tons  from  Sweden.  New  plants 
for  extracting  nitrogen  from  the  air  are  under  construction,  not 
only  in  Sweden  and  Norway,  but  also  in  Bavaria,  Austria,  Swit¬ 
zerland,  and  the  Rhine  Yalley. 

The  Birkeland-Eyde  process  for  making  nitrates  from  the 
air  is  of  sufficient  engineering  interest  to  warrant  consideration 
of  a  few  details ;  250  000  h.p.  are  being  or  soon  will  be  used  in 
Norway  on  this  process  and  the  product  is  being  sent  even 
around  Cape  Horn,  past  the  Chilean  nitrate  fields  to  California, 
and  Hawaii.  The  process  consists  first  in  the  forcing  of  air 
through  extended  electric  arcs.  The  furnace  consists  of  a  cir¬ 
cular  sheet  steel  drum  about  eight  feet  in  diameter  and  two  feet 
wide  lined  with  fire  brick  and  having  a  disc-like  space  in  the 
center  6.5  ft.  in  diameter  and  1.25  ft.  wide.  Two  electrodes  pro¬ 
ject  into  the  center  of  the  furnace  to  within  a  third  of  an  inch. 
Surrounding  the  points  of  the  electrodes  there  is  a  magnetic 
field  of  about  4500  lines  of  force  per  square  centimeter.  Alter¬ 
nating  current  at  5000  volts  and  50  cycles  per  second  is  supplied 
to  the  electrodes  and  direct  current  flows  around  the  coils  to 
produce  the  magnetic  field.  When  an  arc  is  struck,  it  is  at  once 
deflected  in  a  direction  perpendicular  to  the  lines  of  force.  As 
each  electrode  is  alternately  positive  and  negative,  the  arc  is 
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projected  outward,  first  to  one  side  and  then  to  the  other,  thus 
giving  a  disc  of  flame  about  six  feet  in  diameter.  The  arc  ap¬ 
pears  continuous.  Air  is  supplied  at  the  center  of  the  furnace 
by  a  Root  blower,  while  a  channel  around  the  periphery  of  the 
disc  carries  off  the  gases  and  oxidized  air  into  two  gas  collecting 
pipes  about  six  feet  in  diameter  lined  with  fire  brick.  Through 
this  the  gas  passes  to  four  steam  boilers,  the  heat  being  used  to 
raise  steam  for  concentrating  the  products  and  for  driving  air 
compressors,  for  pumping  acids,  etc.  The  gases  then  go  through 
tubes  in  the  evaporating  tank  and  by  that  time  their  tempera¬ 
ture  is  about  250  deg.  Cent,  (it  was  1000  deg.  Cent,  at  the  time 
it  left  the  furnace).  Their  temperature  is  lowered  still  further 
to  50  deg.  Cent,  by  passing  the  gases  through  a  number  of  alu¬ 
minum  tubes  cooled  by  water  on  the  outside. 

The  gas  then  enters  the  oxidation  tanks  which  are  large 
vertical  iron  cylinders  having  acid-proof  lining.  Here  it  con¬ 
tinues  to  take  up  oxygen  to  form  nitrogen  peroxide,  the  per¬ 
centages  being  now  about  98  percent  air  and  two  percent  nitro¬ 
gen  peroxide. 

With  this  process,  one  kilowatt  year  gives  500  to  550  kilo¬ 
grams  of  nitrate  of  lime.  The  latter  contains  13  percent  of 
nitrogen  which  corresponds  to  115  kilograms  of  combined  nitro¬ 
gen  per  k.w.  year. 

The  problem  in  the  fixation  of  nitrogen  is  to  raise  the  tem¬ 
perature  as  quickly  as  possible  above  the  igniting  point  of 
nitrogen  and  oxygen  and  then  immediately  to  cool  the  fixed  gas 
and  draw  it  off.  The  electric  arc  serves  admirably  for  this  pur¬ 
pose. 

CALCIUM  CYANAMIDE 

Another  fertilizer,  made  from  calcium  carbide  by  heating 
it  in  nitrogen,  is  now  being  produced  in  great  quantities. 

About  200  000  tons  per  year  is  the  expected  production 
within  two  years. 

It  is  possible  to  convert  cyanamide  economically  into  am¬ 
monia  and  this  again  into  nitric  acid. 

ALUMINUM  NITRIDE 

Serpek  prepares  aluminum  nitride  from  the  nitrogen  of  the 
air.  From  this  product  he  prepares  ammonia  and  has  alumina 
as  a  valuable  by-product. 
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A  mixture  of  aluminum  oxide  and  carbon  is  heated  to  1800 
deg.  Cent,  in  a  rotary  kiln,  through  which  a  mixture  of  nitrogen 
and  carbon  monoxide  (producer  gas)  passes.  The  aluminum 
nitride  is  a  blue  to  yellow,  crystalline  substance  containing  over 
30  percent  of  nitrogen. 

Treatment  with  hot  sodium  hydroxide  solution  forms  am¬ 
monia  and  sodium  aluminate.  The  former  is  neutralized  with 
acid  and  sold  for  fertilizer.  Alumina  is  recovered  as  a  by¬ 
product  and  the  soda  regenerated. 

The  process  is  in  operation  in  France.  It  is  not  yet  entirely 
successful  commercially  but  is  expected  to  be  so  soon. 

A  NEW  SOURCE  OF  AMMONIA 

An  excellent  illustration  of  the  turning  of  a  purely  chem¬ 
ical  research  into  a  practical  manufacturing  process  has  been 
given  to  us  in  the  synthesis  of  ammonia.  The  compounds  of 
ammonia  have  their  greatest  use  in  the  field  of  plant  food 
supply,  but  they  have  hundreds  of  other  uses  as  well,  so  that  a 
method  of  making  ammonia  synthetically  from  its  elements, 
nit*rt)gen  and  hydrogen,  is  of  great  importnace.  Haber,,  a 
German  investigator,  by  years  of  painstaking  research,  brought 
this  synthesis  to  a  point  which  justified  one  of  the  great  German 
chemical  works  in  going  further  with  it,  and  they  have  now 
established  the  process  on  a  commercial  scale. 

SYNTHESIS  OF  AMMONIA 

This  was  indeed  a  triumph  of  chemical  engineering  of  a  high 
order,  for  it  not  only  required  the  most  painstaking  laboratory 
research,  but  also  the  working  out  of  a  process  by  which  nitrogen 
and  hydrogen  gases  could  be  brought  together  at  a  pressure  of 
200  atmospheres  and  a  temperature  of  about  600  deg.  Cent.,  a 
temperature  at  which  iron  loses  its  solidity  to  a  very  extraordi¬ 
nary  degree  and  special  alloys  had  to  be  developed  which  would 
stand  this  extraordinary  combination  of  temperature  and  pres¬ 
sure.  Long  research  was  required  before  a  proper  catalytic  agent 
was  discovered  which  would  assist  these  gases  to  combine  even 
under  the  correct  pressure  and  temperature  conditions.  Uranium 
was  one  substance  found  to  be  available  as  a  catalyst  and  it  was 
used  in  various  forms.  Iron  also  was  available  though  not  so 
efficient.  Molybdenum  compounds  were  good  catalysts.  The 
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fact  that  many  substances  ordinarily  present  in  the  reacting 
gases  served  as  a  poison  to  the  catalysts  rendered  the  working 
out  of  the  process  still  more  difficult. 

The  commercial  production  of  the  constituent  gases  is  a 
feat  of  chemical  engineering.  Hydrogen  may  be  produced  by 
chemical  means  from  steam  passed  over  red  hot  iron  or  from 
water  gas  by  liquefaction  and  fractionation  of  the  constituents. 
Nitrogen,  of  course,  will  be  prepared  from  air,  but  its  production 
is  by  no  means  a  simple  matter.  Notwithstanding  all  these  diffi¬ 
culties,  Dr.  Bernthsen  of  the  Badische  Anilin  and  Soda-Fabrik 
assured  his  audience  at  the  International  Congress  of  Applied 
Chemistry  last  summer  that  his  company  had  successfully  work¬ 
ed  out  all  of  the  difficult  problems  and  was  then  erecting  a 
factory  for  making  ammonia  in  this  manner,  and  was  doing  so 
with  the  assurance  that  the  market  for  nitrogen  in  the  form 
of  ammonia  compounds  would  be  amply  sufficient  to  take  care 
of  their  product  in  addition  to  the  increasing  quantities  of  am¬ 
monium  sulphate  resulting  from  the  larger  use  of  by-product 
coke  ovens. 

CHEMICAL  INDUSTRIES  BASED  ON  COAL  TAR 

It  is  said  that  $750  000  000  is  a  conservative  estimate  of  the 
capital  which  is  invested  in  the  great  chemical  industries  which 
are  chiefly  based  upon  the  numerous  substances  found  in  coal 
tar  produced  by  the  distillation  of  bituminous  coal  in  the  process 
of  gas  or  coke  manufacture.  These  industries,  sometimes  called 
the  aniline  dye  industries,  had  their  origin  in  England,  but 
have  attained  their  most  complete  development  in  Germany. 
They  represent  applied  organic  chemistry ,  and  the  great  German 
universities  have  supplied  the  men  who  were  and  are  qualified 
to  build  up  these  wonderful  organizations,  among  whose  pro¬ 
ducts  are  dye-stuffs  of  all  shades  and  of  the  greatest  durability, 
pharmaceutical  products  of  the  greatest  value  in  medicine  and 
surgery,  food  flavors  and  preservatives,  synthetic  perfumes,  the 
various  cellulose  products,  of  which  the  most  important  is  arti¬ 
ficial  silk  and  finally  synthetic  rubber. 

APPLIED  ORGANIC  CHEMISTRY 

The  possibility  of  producing  a  great  variety  of  new  pro¬ 
ducts  from  organic  compounds  is  based  upon  the  fact  that  these 
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compounds  are  so  complex  and  so  capable  of  variation  in  many 
ways  when  they  are  acted  upon  by  other  chemical  agents;  inor¬ 
ganic  compounds  are  comparatively  simple.  The  most  wonder¬ 
ful  development  has  been  that  of  the  coal  tar  color  industry,  and 
in  each  of  the  large  factories  in  this  branch  there  are  hundreds 
of  trained  chemists  always  experimenting  and  finding  new  com¬ 
binations,  which  may  eventually  be  developed  into  marketable 
chemicals,  colors,  perfumes,  or  pharmaceutical  preparations. 

Coal  tar  is  known  to  contain  150  different  chemical  pro¬ 
ducts.  The  principal  ones  are  carbolic  acid,  the  aromatic  hydro¬ 
carbons,  benzole,  toluol  and  xylol,  naphthalene  and  anthracene. 

As  long  as  coal  gas  is  produced  for  illuminating  and  heat¬ 
ing  purposes,  and  as  long  as  coke  must  be  used  for  the  reduction 
of  iron  ores,  tar  will  remain  the  cheapest  raw  material  for  the 
manufacture  of  these  hydrocarbons,  but  if  some  more  economical 
wray  were  discovered  for  utilizing  coal,  the  color  industry  need 
not  fear  a  scarcity  of  raw  material,  for  certain  petroleums,  for 
example,  one  from  Borneo,  contain  aromatic  hydrocarbans.  It 
is  also  thought,  if  necessary,  the  desired  hydrocarbons  will  event¬ 
ually  be  made  synthetically,  either  directly  from  the  elements 
carbon  and  hydrogen,  or  indirectly  from  carbide  of  calcium  by 
passing  acetylene  through  red-hot  tubes. 

One-fourth  of  Germany’s  annual  output  of  coal  is  now  con¬ 
verted  into  coke,  while  in  England  18  percent  is  so  converted. 

Very  often  new  lines  of  research  are  not  based  upon  pre¬ 
conceived  theoretical  ideas,  but  are  opened  up  by  mere  accident. 
The  keen  power  of  observation,  however,  is  the  most  necessary 
equipment  of  the  chemist  who  aims  at  success. 

COAL  TAR  COLORS 

The  general  public  impression  is  that  none  of  the  coal  tar 
colors  are  fast.  They  are  believed  to  fade  in  the  light,  and  to 
wash  out  from  fabrics.  It  is  a  fact,  however,  that  the  industry 
now  produces  colors  which  are  absolutely  fast,  and  these  colors 
are  produced  in  many  shades,  either  on  wool,  cotton,  silk,  or 
paper.  It  is  said  that  the  Gobelin  Tapestries  in  France  have 
replaced  the  older  dye  stuffs  for  the  dyeing  of  wool  used  in 
their  fabrics  by  the  alizarine  colors  which  have  been  shown  to 
be  absolutely  fast  to  light. 
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Indigo  has  been  almost  absolutely  replaced  by  the  synthetic 
product  and  the  allied  modifications.  Even  the  “  purple  99 
of  the  ancients  has  been  reproduced  by  chemists.  The  dyeing 
principle  was  in  the  gland  of  a  purple  snail. 

PHARMACEUTICAL  PRODUCTS 

Among  the  most  recent  pharmaceutical  products  which  have 
been  thoroughly  tested  before  they  were  made  available  for 
general  use  may  be  mentioned  the  following: 

A  sedative  and  mild  hypnotic,  tasteless  and  well  tolerated, 
and  without  unfavorable  influence  on  respiration  or  heart  action. 
It  produces  restful  and  dreamless  sleep  without  unpleasant  after 
effects. 

An  organic  silver  combination  especially  safe  and  efficient 
in  eye  diseases. 

A  non-irritating  salicylic  acid  derivative  for  internal  use, 
liberating  its  salicylic  acid  in  the  tissues  and  promptly  relieving 
pains  and  swellings  due  to  rheumatism. 

An  iodine  derivative  for  internal  use  which  is  an  efficient 
remedy  for  chronic  bronchitis,  certain  nervous  diseases,  and 
chronic  rheumatoid  affections. 

A  soap  which  contains  an  organic  mercurial  salt  which  has 
been  found  of  great  value  in  surgical  work  and  for  disinfection 
of  infected  parts  of  the  body.  Its  special  application  is  in  the 
treatment  of  parasitic  diseases  of  the  skin  and  scalp. 

New  photographic  developers  and  restrainers  have  been  pro¬ 
duced  which  produce  clean  negatives  without  halation  and  give 
good  results  even  when  negatives  have  been  greatly  over-exposed. 

SYNTHETIC  CHEMISTRY 

It  is  still  believed  possible  that  human  food  may  eventually 
be  prepared  synthetically,  if  necessary.  Recently,  Abderhalden 
has  kept  young  dogs  alive  for  several  weeks,  during  which  time 
their  weight  increased,  on  a  diet  composed  exclusively  of  salts, 
water,  oxygen,  dextrose,  fatty  acids,  glycerol,  and  amido  acids. 
All  of  the  above  substances  can  be  made  artificially,  and  inas¬ 
much  as  the  complicated  food  stuffs  which  we  eat  are  imme¬ 
diately  broken  down  in  the  process  of  digestion,  why  should  we 
endeavor  to  prepare  more  complicated  substances  for  foods? 
Among  important  syntheses  which  have  been  successful  recently, 
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may  be  mentioned  the  making  of  adrenalin,  hydrastinin  and  the 
purin  bases,  caffein  and  theobromine. 

The  constitution  of  tannin  has  at  last  been  discovered  and  it 
has  been  produced  synthetically.  The  line  between  organic  and 
inorganic  chemistry  is  fast  disappearing. 

SYNTHETIC  PERFUMES 

The  first  development  in  this  line  was  the  imitation  of  the 
scent  of  the  violet,  and  the  most  recent  has  been  the  successful 
synthesis  of  camphor  from  turpentine.  The  industry  of  syn¬ 
thetic  perfumes  represents  a  yearly  turn-over  of  from  $10  000- 
000  to  $12  000  000. 

The  industry  is  now  based  on  actual  analyses  of  natural 
perfumes  and  the  blending  together  of  the  same  constituent  per¬ 
fumes  prepared  synthetically.  This  has  been  done  in  the  case 
of  the  odor  of  the  rose,  the  lily  of  the  valley  and  the  violet. 

ARTIFICIAL  SILK 

About  7  000  000  kilograms  of  artificial  silk  are  used  an¬ 
nually.  The  industry  is  a  combination  of  chemistry  and  textile 
manipulation.  There  are  three  types  of  artificial  silk,  “  Collo¬ 
dion”,  “ Cuprate”,  and  “Viscose”  silks,  but  the  “ Viscose* * 
type,  which  has  been  recently  very  much  improved,  is  superior 
in  luster  and  cheaper  to  manufacture.  It  is  made  from  wood, 
alkali  and  carbon  disulphide.  Wood  pulp  is  worth  $12  per  ton. 
Purified  wood  pulp  or  cellulose  is  worth  $50  per  ton.  Artificial 
silk,  which  is  still  essentially  only  cellulose,  is  worth  $2.25  per 
pound,  or  $4500  per  ton. 

SYNTHETIC  RUBBER 

The  production  of  rubber  synthetically  is,  on  account  of  its 
great  commercial  possibilities,  a  wonderful  event.  The  problem 
has  been  worked  on  both  in  England  and  Germany,  and  ap¬ 
parently  solved  in  both  countries  at  about  the  same  time.  The 
constitution  of  rubber  is  most  complex.  The  key  to  the  final 
building  up  of  rubber  synthetically  was  found  in  a  substance 
known  as  isoprene,  which  was  produced  by  the  dry  distillation 
of  rubber.  This  substance  has  now  been  prepared  synthetically 
and  from  quite  inexpensive  sources,  although  by  processes  which 
are  not  yet  as  cheap  as  they  will  be.  When  isoprene  is  acted 
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upon  by  metallic  sodium,  it  is  converted  into  a  substance  closely 
allied  to  rubber,  and  rubber,  itself,  is  produced  by  Hoffman’s 
process,  in  which,  by  the  application  of  heat,  polymerization 
takes  place  and  rubber  results. 

In  proof  of  the  genuineness  of  the  synthetic  rubber,  and 
its  identity  in  properties  with  the  natural  product,  samples  were 
shown  by  Dr.  Duisberg  in  the  form  of  small  balls,  which  had 
sufficient  resilience  to  bound  20  ft.  in  the  air  when  thrown  on 
the  floor.  He  also  had  a  pair  of  automobile  tires,  in  which  only 
synthetic  rubber  had  been  used,  which  had  already  given  4000 
miles  service. 

Synthetic  rubber  has  not  yet  entered  into  competition  with 
the  natural  product,  but  no  doubt  it  will  soon  do  so,  and  it 
must  presently  compete  with  plantation  rubber,  which  it  is 
calculated,  may  be  produced  at  a  cost  of  25^  per  pound.  The 
best  crude  rubber  is  now  selling  for  $2.70  per  pound. 

FIREPROOFING  BY  CHEMICAL  MEANS 

The  losses  by  fire,  the  greatest  of  which  losses  is  of  course 
that  of  human  life,  have  received  much  attention  from  chemists. 
Fire  extinguishers  of  various  kinds  have  been  of  great  use  in 
the  preservation  of  life  and  property.  The  well  known  Babcock, 
or  chemical  extinguisher,  is  an  instance  of  this,  and  more  re¬ 
cently  there  have  appeared  compounds  containing  carbon  tetra¬ 
chloride,  a  liquid  which  is  readily  converted  by  heat  into  a 
heavy  gas  which  will  not  support  combustion. 

The  losses  of  life  due  to  the  ignition  of  fabrics  used  for 
children’s  dresses  and  for  the  equipment  in  theatres  has  caused 
efforts  to  be  made  to  fireproof  all  inflammable  fabrics. 

NON-INFLAMMABLE  SUBSTANCES 

Cinemetograph  films  are  now  made  from  acetylcellulose, 
called  cellit,  and  are  non-inflammable.  They  are  not  in  general 
use,  the  owners  of  theatres  believing  that  schools  and  homes 
would  use  the  moving  picture  far  more  if  non-inflammable  films 
were  available.  Legislation  should  make  their  use  compulsory. 

Cellit  when  treated  with  camphor  makes  a  non-inflammable 
substitute  for  celluloid,  which  may  be  used  in  the  form  of  large 
blocks  capable  of  being  sawed,  cut  or  polished.  If  heated  it  can 
be  pressed  or  bent,  and  if  steamed  can  be  drawn  and  molded. 
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This  product  is  elastic,  soft  and  ductile  and  is,  therefore, 
frequently  used  as  a  substitute  for  hard  rubber,  leather,  etc. 
It  may  be  had  in  the  form  of  a  solution,  which  gives  an  enamel¬ 
like  and  pliable  surface  to  fabrics,  wood,  paper,  metal,  etc.  It 
is  a  good  insulator  and  is  even  satisfactory  for  enameling  balloon 
covers  and  aeroplanes. 

The  cotton  fabric  known  as  flannelette  has  at  last  been 
successfully  fireproofed  by  Perkin  of  England,  after  a  long  re¬ 
search  involving  more  than  a  thousand  experiments.  Innumer¬ 
able  accidents,  especially  to  children,  have  been  brought  about 
by  the  suddenness  with  which  a  flame  spreads  over  the  fuzzy 
surface  of  flannelette,  if  ignition  takes  place  at  any  point.  It 
is  comparatively  easy  to  fireproof  cloth  to  a  degree  which  will 
be  satisfactory,  if  the  cloth  is  not  washed  afterward,  but  Per¬ 
kin’s  process  is  of  so  thorough  a  nature  that  there  is  a  chemical 
union  between  the  fiber  and  the  fireproofing  substance  which 
washing  does  not  remove,  even  up  to  a  point  where  the  fiber  is 
actually  worn  out.  From  a  commercial  standpoint,  it  is  inter¬ 
esting  to  know  that  this  treatment  only  increases  the  cost  of  the 
goods  approximately  2^  per  square  yard,  and  that  this  is  partly 
made  up  for  by  increased  strength,  which  means  longer  life,  at 
the  same  time  the  flannelette  is  just  as  soft  to  the  touch,  and 
otherwise  as  satisfactory. 

No  doubt  this  discovery  will  be  the  means  of  saving  many 
lives,  and  great  credit  is  due  to  those  who  carried  it  out.  The 
process  consists  in  running  the  flannelette  through  a  solution  of 
sodium  stannate  of  approximately  45°  Twaddle.  It  is  then 
squeezed  and  dried,  after  which  it  is  run  through  a  solution  of 
ammonium  sulphate  of  15°  Twaddle,  and  again  squeezed  and 
dried.  Finally  it  is  washed  to  remove  the  by-product,  sodium 
sulphate,  while  the  tin  oxide  is  left  absolutely  united  with  the 
fiber,  so  that  hot  water  and  soap  will  not  remove  it.  A  specimen 
which  had  been  in  actual  use  for  two  years  and  which  was  worn 
out  would  still  not  burn  with  flame. 

The  fireproofed  flannelette  known  as  “Non  Flam”  is  now 
manufactured  on  a  large  scale  by  Messrs.  Whipp  Bros.  &  Tod, 
in  Manchester,  England,  and  will,  in  all  probability,  entirely 
replace  the  ordinary  inflammable  variety. 
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The  process  may  also  be  used  to  advantage  on  other  cotton 
fabrics,  such  as  muslin,  and  also  on  lace  curtains. 

ELECTROCHEMISTRY 

No  review  of  recent  applications  of  chemistry  to  industry 
would  be  complete  without  treating  of  the  electrochemical  pro¬ 
cesses  which  have  in  recent  years  produced  for  us  a  most  val¬ 
uable  series  of  products,  including  abrasives,  refractories,  metals, 
electrodes,  lubricants,  acid-resisting  substances,  and  bleaching 
compounds,  as  well  as  many  other  valuable  products.  A  list  of 
the  more  important  substances  which  have  been  produced  re¬ 
cently  by  the  use  of  the  heating  qualities  or  chemical  action  of 

the  electric  current  or  by  both  combined  would  include: 

% 

Oxygen  and  hydrogen  gases,  by  the  electrolysis  of  water. 

Alkali  products  from  salt,  either  fused  or  in  solution. 

Chlorates  from  alkali  chlorides. 

Perchlorates,  strong  oxidizing  agents. 

Metallic  sodium  and  sodium  peroxide. 

Magnesium. 

Aluminum. 

Ozone;  used  for  purifying  air  and  water. 

Nitric  acid  and  nitrates  from  the  air. 

Boron,  an  efficient  reducing  agent  for  deoxidizing  metals. 

Graphite,  more  refractory  and  more  unctuous  than  the 
natural  product. 

Carborundum  and  alundum;  abrasives. 

Silicon  from  sand ;  acid  resistant  and  reducing  agent. 

Calcium  carbide;  source  of  acetylene  gas. 

Titanium  carbide ;  efficient  electrode  for  arc  lighting.  Gives 
50  percent  of  the  theoretical  conversion  of  electric  energy  into 
light  energy. 

Ferro-alloys,  for  special  steels. 

Electric  pig  iron ;  already  a  commerical  success. 

Electric  steel;  of  increasing  commercial  importance. 

Quartz  glass. 

Electrochemistry  covers  either  the  direct  change  of  electrical 
into  chemical  energy,  or  the  reverse,  and  classed  with  electro¬ 
chemical  processes  are  the  processes  which  are  really  electro- 
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thermic,  in  which  a  high  heat  produced  electrically  assists  chem¬ 
ical  changes  to  take  place,  which  would  not  otherwise  occur. 

The  refining  of  copper  by  electrical  means  is  a  comparatively 
old  process.  The  refining  of  lead  by  the  same  means,  in  a  special 
bath,  is  a  newer  development. 

The  manufacture  of  alkali  products  from  salt  by  electro¬ 
lytic  means  is  still  being  developed,  and  $50  000  000  are  invested 
in  the  industry  in  Great  Britain  alone.  The  most  recent  ad¬ 
vancements  are  the  Townsend  cell  of  1907  and  the  Whiting  cell 
of  1910.  The  former  is  a  diaphragm  cell,  the  distinctive  feature 
of  which  is  the  use  of  kerosene  in  the  cathode  compartment, 
which  causes  the  caustic  which  is  formed  to  separate  out.  This 
cell  at  Niagara  Falls  is  said  to  operate  at  97  percent  current 
efficiency.  The  Whiting  cell  is  a  modified  Castner'  mercury 
cathode  cell.  It  is  now  in  operation  at  Rumford  Falls,  Maine. 
These  processes  produce  from  salt ;  caustic  soda,  soda  ash,  and 
hypochlorites. 

A  number  of  alkali  processes  are  carried  on  by  the  electro¬ 
lysis  of  the  fused  salt,  and  a  considerable  amount  of  sodium 
is  made  in  this  way,  and  is  afterward  converted  into  more  useful 
forms,  such  as  sodium  cyanide  and  peroxide.  Sodium,  itself,  is 
used  as  a  drying  agent  for  transformer  oil.  The  conductivity  of 
sodium,  weight  for  weight,  is  three  times  as  great  as  that  of 
copper,  its  specific  gravity  being  only  one-ninth. 

It  is  now  about  23  years  since  Hall  patented  his  electro¬ 
lytic  aluminum  reduction  process  which  depends  upon  the  main¬ 
tenance  of  the  proper  temperature  by  electrical  means  and  upon 
electrolysis.  About  26  000  000  pounds  of  aluminum  are  pro¬ 
duced  annually  in  the  United  States  and  Canada  by  this  process, 
and  the  amount  is  to  be  largely  increased.  Aluminum  is  used, 
to  some  extent,  as  a  substitute  for  copper  in  transmission  lines, 
also  in  the  manufacture  of  thermit,  and  as  a  deoxidizer  in  the 
steel  industry.  It  is  also  used  largely  in  the  automobile  industry 
and  in  the  manufacture  of  cooking  utensils. 

No  radically  new  use  for  aluminum  developed  during  1912. 
The  Aluminum  Company  of  America  put  on  the  market  an  elec¬ 
trical  conductor  composed  of  seven  wires,  the  center  wire  being 
steel  of  high  tensile  strength.  This  cable  gives  promise  of  sup¬ 
plying  for  long  distance  transmission  work  a  conductor  that  is 
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both  light  and  strong.  The  Pacific  Light  &  Power  Co.,  at  Los 
Angeles,  California,  adopted  this  steel  and  aluminum  cable  for 
its  new  transmission  line.  The  same  concern  is  making  a  note¬ 
worthy  development — noteworthy  not  only  for  the  amount  of 
electrical  energy,  but  also  for  the  distance  to  which  it  is  to  be 
transmitted.  The  power  station  is  275  miles  from  Los  Angeles, 
so  that  this  line  is  the  longest  of  its  size  in  the  world.  The  fact 
that  after  very  careful  investigation  this  company  adopted  the 
use  of  the  steel-aluminum  cable  naturally  gives  the  aluminum 
manufacturers  hope  that  this  form  of  cable  will  be  successful  for 
electrical  transmission. 

The  principal  electrothermic  products  which  have  been  made 
are  calcium  carbide,  carborundum,  alundum,  silicon,  boron, 
graphite,  etc.  Calcium  carbide  is  produced  at  three  works  in 
the  United  States,  consuming  altogether  35  000  horse  power. 
It  is  produced  from  lime  and  carbon  which  are  heated  together 
with  a  small  amount  of  salt  in  an  electric  furnace.  Its  principal 
use  is  the  production  of  acetylene  gas,  which  has  a  very  high 
illuminating  power,  and  which  when  burned  with  oxygen,  gives 
an  intense  heat.  Latterly,  it  has  been  used  to  make  calcium 
cyanamide,  which  is  a  valuable  artificial  fertilizer,  and  is  ap¬ 
parently  a  cheaper  source  of  nitrogen  than  the  nitrate  of  cal¬ 
cium  made  by  the  direct  oxidation  of  the  nitrogen  of  the  air  in 
the  arc  process;  comparative  figures  in  1911  showing  that  the 
cyanamide  process  jrields  51.6  grams  of  nitrogen,  while  the  arc 
process  yields  only  12.7  grams  per  kilowatt  hour. 

Carborundum,  which  is  crystallized  carbide  of  silicon,  is 
made  under  Acheson's  process  by  heating  a  mixture  of  coke  and 
sand  to  1950  deg.  Cent,  (at  2220  deg.  Cent,  carborundum  de¬ 
composes  into  silicon  and  graphite).  Carborundum  is  remark¬ 
able  as  an  abrasive.  When  finely  powdered,  it  will  polish  diam¬ 
onds.  It  has  a  competitor  in  alundum,  which  is  fused  aluminum 
oxide  and  nearly  as  hard  as  natural  carborundum.  Carborun¬ 
dum  is  said  to  be  superior  for  use  on  cast  iron,  brass,  marble, 
etc.,  where  sharpness  rather  than  hardness,  including  toughness, 
are  desired.  For  hardened  steel,  alundum  is  superior,  because 
less  brittle.  In  1908  about  3  000  000  pounds  of  alundum  were 
made  and  the  production  is  now  much  larger.  Carborundum  is 
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also  used  as  a  substitute  for  ferro-silicon  in  steel  refining,  and 
as  a  detector  in  wireless  telegraphy. 

Titanium  carbide  is  valuable  because  it  doubles  the  effici¬ 
ency  of  an  electric  arc,  if  it  is  used  as  the  electrode  between 
which  the  arc  is  struck. 

.  Siloxicon,  a  by-product  of  the  carborundum  industry,  is 
a  valuable  material  for  making  refractory  furnace  or  crucible 
linings.  It  consists  of  silicon,  carbon  and  oxygen  in  varying 
amounts. 

Elemental  silicon  is  now  being  produced  on  a  large  scale 
by  the  Carborundum  Company  and  it  is  said  to  have  very 
valuable  properties,  because  when  cast  in  the  form  of  vessels 
for  chemical  use,  it  resists  the  action  of  nitric  and  other  acids. 

Boron,  also,  has  been  made  by  electric  reduction  and  is 
finding  increased  use.  One  of  these  compounds,  the  suboxide, 
is  used  for  deoxidizing  copper  before  casting.  It  gives  copper 
a  very  high  conductivity. 

Artificial  graphite  of  greater  purity  than  the  best  nat¬ 
ural  graphite,  is  being  made  at  a  rate  exceeding  35  000  tons 
per  year,  representing  a  value  of  more  than  a  half  million 
dollars.  Mr.  Acheson’s  process  and  the  theory  of  the  for¬ 
mation  of  graphite  are  both  very  interesting.  It  is,  appar- 
entlv,  necessary  for  the  carbon  which  is  used  as  anthra- 
cite  coal  to  pass  through  the  stage  of  a  carbide.  A  small 
quantity  of  iron  oxide  is  added  and  the  powdered  coal  is  em¬ 
bedded  in  carbon.  Apparently,  the  iron  forms  a  carbide  first 
in  the  center  and  then  volatilizes  and  combines  with  successive 
portions  of  carbon  until  it  finally  escapes  from  the  outside  as 
iron  vapor  leaving  all  of  the  carbon  as  graphite. 

Artificial  graphite  is  used,  with  great  satisfaction,  for 
electrodes  of  all  shapes  and  sizes  and  for  crucibles.  A  col¬ 
loidal  form  is  used  with  oil  for  lubricating  purposes. 

The  reasons  why  electric  heating  processes  succeed,  as 
compared  with  processes  in  which  fuel  is  used  as  a  source  of 
heat,  are  that  higher  temperatures,  more  closely  localized  heat, 
and  exclusion  of  injurious  gases  can  be  attained.  There  is 
less  loss  of  heat  by  radiation  or  conduction. 

Finally,  one  may  mention  the  important  developments  in 
the  electric  reduction  of  iron  ores  and  electric  refining  of 
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steel.  These  are  becoming  of  great  industrial  importance. 

Allied  to  electrochemistry,  but  really  only  depending  up¬ 
on  rapid  and  intense  chemical  combination,  is  the  Thermit 
process,  in  which  a  mixture  of  powdered  metallic  aluminum  and 
a  metallic  oxide,  usually  iron  oxide,  is  ignited,  and  the  iron 
oxide  is  instantaneously  reduced  to  supermolten  metallic  iron, 
which  is  used  chiefly  for  welding  iron  or  steel  shafts,  rails,  etc. 
together. 

If  oxide  of  chromium,  or  oxide  of  manganese  is  substi¬ 
tuted  for  oxide  of  iron  in  the  thermit  mixture,  metallic  chro¬ 
mium,  or  manganese  free  from  carbon,  may  be  made.  A 
whole  series  of  metals  and  alloys  are  actually  made  in  this 
way,  including  ferro-vanadium,  which  is  a  Pittsburgh  pro¬ 
duct,  from  South  American  ore.  The  same  metals  and  alloys 
may  be  made  in  the  electric  furnace,  but  they  always  contain 
carbon,  which  is  a  detriment  in  many  cases. 

Quartz  glass  is  made  by  the  fusion  of  silica  in  electric 
furnaces  and  it  is  worked  into  various  forms  for  use  in  labor¬ 
atories  and  in  the  chemical  industry.  It  is  brittle  when  sub- 
jected  to  shock,  but  it  will  stand  sudden  temperature  changes 
in  a  way  that  no  ordinary  glass  will  do  and  it  also  resists 
corrosion.  It  has  brought  about  a  readjustment  in  the  sulphur¬ 
ic  acid  industry  and  caused,  in  some  cases,  an  abandonment 
of  the  contact  process. 

CEMENT  MANUFACTURE 

The  manufacture  of  portland  cement,  which  is  the  prin¬ 
cipal  form  of  cement  now  used,  has  grown  since  1872  to  an 
industry  whose  tonnage  is  third  in  amount  in  the  United  States, 
the  first  of  course  being  coal,  and  the  second  iron  and  steel. 
The  more  recent  developments  in  cement  manufacture  have 
been  the  increased  use  of  blast  furnace  slag  as  a  raw  mater¬ 
ial  and  the  operation  of  cement  mills  by  electrically  driveu 
machinery.  Concrete  is  being  used  in  amounts  which  are  in¬ 
creasing  every  year  and  when  intelligently  used  with  properly 
designed  steel  reinforcement,  it  is  one  of  the  most  dependable 
materials  which  is  known. 

The  researches  of  the  United  States  Bureau  of  Standards 
have  shown  under  what  conditions  steel  reinforcement  in  con- 
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Crete  structures  may  be  injured  by  electric  currents.  The  first 
condition  is  that  the  concrete  must  be  wet  and  the  current 
must  pass  from  the  reinforcing  steel  through  the  moist  concrete 
to  some  other  conductor.  If  this  takes  place  when  the  current 
is  of  sufficiently  high  voltage,  the  concrete  may  crack  and  further 
injury  of  the  reinforcement  may  take  place.  Fortunately 
favorable  conditions  for  injury  by  electrolysis  are  rare. 

It  is  interesting  from  a  historical  standpoint  to  know  that 
in  the  Western  Pennsylvania  district  near  Wampum,  in  Law¬ 
rence  County,  some  of  the  pioneer  work  in  portland  cement 
manufacture  in  the  United  States  was  carried  out.  In  the  few 
years  preceding  the  Centennial  Year  1876,  the  manufacture 
was  sufficiently  perfected  so  that  a  prize  was  given  to  the 
manufacturers  at  the  Centennial  Exposition.  There  are  four 
large  cement  works  in  the  neighborhood  of  Pittsburgh. 

ADVANCES  IN  COKE  AND  GAS  MANUFACTURE 

While  the  art  of  coke  manufacture  shows  its  greatest  de¬ 
velopment  in  the  by-product  oven,  this  is  only  true  when  one 
considers  other  things  than  the  quality  of  the  coke.  Bee-hive 
oven  coke  is  undoubtedly  superior  to  by-product  coke  in  general 
as  it  is  stronger  and  may  be  had  in  larger  pieces. 

Improvements  in  bee-hive  ovens  have  taken  the  direction 
of  a  change  from  the  bee-hive  form  to  that  of  a  semi-cylinder, 
so  that  the  charge  can  be  pushed  out  at  the  end  of  the  coking 
operation. 

The  by-product  coke  and  the  illuminating  gas  industries 
are  becoming  closely  allied.  Very  cheap  gas  can  be  made  if  it 
is  the  principal  product  of  regenerative  ovens.  An  estimate  for 
the  city  of  Baltimore  showed  that  gas  could  be  placed  in  the 
holder  for  6<f  per  thousand  feet.  Cost  of  distribution  would, 
of  course,  have  to  be  added. 

ADVANCES  IN  GLASS  MANUFACTURE 

The  manufacture  of  glass  has  long  been  one  of  the  im¬ 
portant  industries  of  the  Pittsburgh  district,'  the  principal 

# 

products  in  point  of  amount  having  been  plate  glass  and  win¬ 
dow  glass  in  general,  the  product  being  of  high  quality.  Of 
recent  years  the  manufacture  of  what  is  known  as  illuminat- 
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ing  glass  ware  has  become  an  important  branch  of  the  indus¬ 
try,  and  in  that  branch  there  has  been  developed  by  a  Pitts¬ 
burgh  chemist  a  white  translucent  glass  having  very  pleasing 
effects  as  regards  softness  and  diffusion,  and  one  which  has 
become  very  popular  for  street  and  for  interior  lighting.  It 
appeals  to  both  aesthetic  and  economic  consideration  as  it  loses 
less  light  in  transmission  than  similar  glasses  which  existed 
before  its  invention.  Two  shades  of  the  type  referred  to  are 
in  use  in  this  auditorium. 

It  .will  also  be  a  satisfaction  for  you  to  know  that  in  the 
Pittsburgh  district  there  are  now  manufactured  the  large  lenses 
used  for  U.  S.  Government  Lighthouse  Service.  Some  of  these 
lenses  are  39  inches  in  diameter.  Those  who  know  the  great 
difficulties  in  making  perfect  optical  glass  will  be  greatly  grati¬ 
fied  that  a  Pittsburgh  concern  has  accomplished  this  result. 

NEW  APPLICATIONS  OF  METALS 

A  large  number  of  metals  are  classed  as  rare  because  they 
are  believed  to  occur  in  very  small  quantities  and  in  only  a 
few  places.  It  has  generally  been  true,  however,  that  when 
uses  were  developed  for  these  metals  or  their  compounds,  more 
extensive  supplies  have  been  found.  The  cerium  and  thorium 
group  of  metals  have  furnished  the  oxides  which  have  been  the 
basis  of  the  gas  mantle  development,  which  has  done  so  much 
for  cheap  illumination,  especially  in  districts  like  our  own, 
where  natural  gas  may  be  had  for  less  than  one-third  the 
price  of  illuminating  gas;  this  use  of  the  so  called  rare  earth 
metals  does  not  by  any  means  exhaust  the  available  supply. 
Cerium  has  been  used  in  glass  manufacture,  and  its  use  as  a 
sparking  alloy  has  already  been  alluded  to.  Oxides  of  the 
metals  of  this  group  have  been  used  in  the  Nernst  lamp,  but 
developments  in  the  illuminating  industry  have  made  other 
forms  of  lamps  more  economical.  Tungsten,  which  has  the 
highest  melting  point  of  any  metal,  namely,  3100  deg.  Cent.,  has 
replaced  tantalum,  which  melts  at  about  2300  deg.  Cent.,  as 
the  wire  filament  for  incandescent  lamps  which  operate  at  the 
highest  efficiency.  The  first  tungsten  filaments  were  very  frail, 
but  the  art  of  making  a  ductile  metallic  wdre  has  been  develop¬ 
ed  so  that  the  present  product  is  very  serviceable.  The  metals 
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cadmium  and  bismuth  are  available  in  considerable  quantities 
as  by-products  and  the  same  is  true  of  selenium  and  tellurium. 
So  far,  however,  no  important  special  uses  have  been  developed 
for  these  substances,  but  more  are  certain  to  be  found.  Selenium 
is  used  to  a  small  extent  in  the  glass  industry.  It  also  has  a 
property  which  will  give  it  special  prominence,  that  of  electric 
conductivity  which  varies  with  exposure  to  light. 

Boron,  the  principal  element  forming  the  basis  of  borax, 
and  boric  acid,  has  only  recently  been  isolated  from  the  other 
substances  which  accompany  it  in  nature.  Weintraub  has  suc¬ 
ceeded  in  producing  it  and  finds  that  it  has  some  very  valu¬ 
able  properties. 

When  added  to  copper  either  as  metal  or  in  the  form  of 
a  suboxide  it  so  purifies  the  liquid  metal  that  the  cast  copper 
has  a  higher  conductivity  than  copper  cast  in  any  other  way 
and  the  products  of  the  purifying  action  do  not  remain  in  the 
metal.  Boron  has  an  exceptionally  high  specific  resistance.  It 
is  hard  and  tough  and  has  been  successfully  substituted  for 
sapphire  as  a  bearing  jewel  in  electric  meters.  Boron  filament 
lamps  have  been  found  to  be  excellent  voltage  regulators.  The 
higher  the  voltage  in  a  line  in  which  a  tungsten  lamp  was  con¬ 
nected  in  parallel  with  such  a  regulator,  the  greater  the  amount 
of  current  passing  through  the  boron  filaments,  while  the  cur¬ 
rent  through  the  tungsten  filament  remained  practically  con¬ 
stant. 

catalysis 

Until  it  was  discovered  that  certain  chemical  changes  could 
be  brought  about  through  the  agency  of  a  third  substance  or 
catalyst,  chemists  were  not  able  to  obtain  certain  results  under 
conditions  which  could  be  controlled.  Most  important  develop¬ 
ments  are  now  based  upon  this  principle  of  catalysis,  and  its 
applications  range  all  the  way  from  the  manufacture  of  sul¬ 
phuric  acid  and  synthetic  ammonia  to  the  manufacture  of  solid 
food  products  from  oil. 

Chemical  reactions  are  usually  favored  by  heat,  and  some¬ 
times  by  pressure,  but  numerous  instances  have  been  found 
where  chemical  reactions  will  take  place  at  a  low  temperature, 
if  a  certain  finely  divided  substance  called  a  catalytic  agent  is 
present.  For  example: 
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Palladium  at  70  deg.  Cent,  causes  hydrogen  and  oxygen  to 
unite. 

Platinum,  and  to  some  degree  iron  oxide,  cause  sulphur 
dioxide  and  oxygen  to  unite  in  the  so-called  contact  process  of 
sulphuric  acid  manufacture. 

In  the  food  product  industry,  a  suitable  substitute  for 
lard,  etc.,  is  made  by  the  action  of  hydrogen  in  the  presence, 
of  a  catalytic  agent  (finely  divided  nickel)  upon  cotton  seed 

oil. 

HARDENED  OR  HYDROGENATED  OILS  PRODUCED  BY  CATALYSIS 

Oleic  acid  and  hydrogen  combine  molecule  for  molecule  to 
yield  stearic  acid.  According  to  the  equation  C18  H 34  02  +  Jl2  =  . 
C18  H 36  02,  282  pounds  of  oleic  acid  require  two  pounds  of  hy¬ 
drogen.  One  pound  of  olein  calls  for  a  little  over  0.1  of  an 
ounce  of  hydrogen  or  2500  eu.  ft.  of  the  gas  per  ton  of  olein. 
Many  attempts  have  been  made  to  cause  this  chemical  change  to 
take  place  but  the  process  has  not  been  commercially  success¬ 
ful  until  very  recently.  The  work  of  Sabatier  which  began  in 
1896  laid  the  foundation  of  the  present  process.  He  treated 
oils  with  hydrogen  in  the  presence  of  finely  divided  nickel  and 
other  metallic  catalysts.  Great  improvements  have  been  made 
since  then  by  various  inventors,  so  that  the  process  is  now  car¬ 
ried  out  commercially  in  connection  with  soap  and  candle 
manufacture  and  also  in  the  manufacture  of  food  products, 
liquid  oils  being  converted  into  a  solid  state.  Catalysts  are 
bodies  which  modify  the  velocity  of  chemical  changes  without 
apparently  entering  into  the  change  or  reaction.  With  a  pow¬ 
erful  catalyst,  hydrogenation  of  oils  becomes  a  rapid  and  almost 
simple  procedure.  Nickel  and  palladium  are  the  best,  although 
platinum,  copper,  and  iron  have  been  used  to  some  extent.  An 
effective  nickel  catalyst  is  prepared  by  reducing  a  pure  nickel 
oxide  to  metallic  nickel  in  spongy  form  by  means  of  hydrogen 
gas  at  300  to  325  deg.  Cent.  The  nickel  catalyst  is  best  pre¬ 
pared  on  the  surface  of  some  porous  material  to  which  it  will 
adhere;  pumice  stone  or  kieselguhr  have  been  used.  Great  care 
is  necessary  in  order  to  keep  the  catalyst  in  an  active  condition. 
Liquid  oils  such  as  cotton-seed  are  converted  into  solid  foods  of 
high  melting  point.  Even  fish  oils  are  converted  into  odorless 
solid  products  by  the  process. 


24  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 

The  commercial  preparation  of  hydrogen  for  this  work  is 
an  interesting  technical  problem.  One  method  is  to  pass  steam 
over  iron  at  the  proper  temperature.  Hydrogen  made  in  this 
manner  costs  about  one  dollar  per  1000  cubic  feet.  A  plant 
making  5000  cubic  feet  per  hour  costs  approximately  $50  000. 
Electrolytic  methods  for  producing  hydrogen  are  used.  The 
cost  of  hydrogen  produced  in  this  way  is  about  0.25^  per  cubic 
foot,  unless  the  value  of  the  oxygen  simultaneously  made,  is 
deducted.  Other  methods  proposed  have  been  fractionation  of 
water  gas  and  the  decomposition  of  petroleum  at  high  tempera¬ 
tures. 

POSSIBLE  USES  OF  PHOTOCHEMISTRY  AS  A  MEANS  OF  UTILIZING  SOLAR 

ENERGY 

Coal  is  the  most  concentrated  form  of  solar  energy  avail¬ 
able.  There  are  still  enormous  quantities  of  it,  but  it  is  not 
inexhaustible.  Coal  is  being  mined  in  Europe  and  America  at 
the  rate  of  about  1  100  000  000  tons  per  year. 

In  the  tropics,  assuming  the  solar  constant  as  1800  large 
calories  per  hour  per  square  metre,  we  may  readily  see  that  the 
heat  per  square  kilometer  will  be  equivalent  to  that  produced  by 
the  complete  combustion  of  1000  tons  of  coal.  A  surface  of 
only  10  000  square  kilometers,  receives  in  a  year,  calculating 
a  day  of  only  six  hours,  a  quantity  of  heat  corresponding  to 
that  produced  by  the  burning  of  3^2  billion  tons  of  coal,  or 
more  than  three  times  the  annual  production  of  coal.  The  des¬ 
ert  of  Sahara  with  its  six  million  square  kilometers  receives  daily 
solar  energy  equivalent  to  six  billion  tons  of  coal. 

It  is  estimated  that  as  a  result  of  the  sun’s  rays  and  the 
presence  of  moisture  and  carbon  dioxide,  etc.  in  the  earth’s 
crust  and  in  the  air,  the  earth  produces  yearly  32  billion 
tons  of  vegetable  matter,  which,  if  burned,  would  correspond  to 
18  billion  tons  of  coal.  We  can  prepare  for  the  exhaustion  of 
coal  by  studying  which  types  of  vegetation  produce  woody  fib¬ 
er  most  rapidly,  and  can  use  intensive  methods  of  cultivating 
them  for  fuel  and  afterward  convert  this  fuel  into  energy  in  the 
most  economic  way.  There  is  reason  for  hope,  however,  that 
we  may  be  able  to  do  more  than  to  improve  agricultural  meth¬ 
ods  of  producing  fuel  if  we  take  advantage  of  the  fact  that  many 
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chemical  changes  are  produced  by  the  action  of  the  sun  's  rays, 
and  that  some  of  these  now  known,  or  which  may  be  discovered, 
may  be  the  basis  of  a  method  of  converting  the  sun’s  ener¬ 
gy  in  dry,  tropical  countries,  quite  directly  into  a  form  whicii 
may  he  transmitted  to  habitable  countries  where  it  may  be  used. 
Photochemistry,  to  the  lay  inind,  simply  means  those  changes 
in  silver  compounds  which  are  the  basis  of  the  art  of  photo¬ 
graphy.  As  a  matter  of  fact  in  organic  chemistry,  photo¬ 
chemistry  plays  a  very  important  part.  Reductions,  oxidations, 
polymerizations,  etc.,  are  all  brought  about  by  the  action  of 
light.  It  is  not  too  much  to  hope  that  the  brain  of  man.  which 
has  worked  out  the  synthetic  production  of  indigo,  vanilin,  and 
even  of  rubber,  will  also  work  out  means  of  converting  solar 
energj-  through  the  medium  of  photochemistry  into  a  form 
available  for  the  use  of  mankind. 

CHEMICAL  RESEARCH 

There  are  some  accidental  discoveries  in  chemistrv  as  well 

•/ 

as  in  other  fields  of  exploration  but  the  most  fruitful  method 
of  finding  out  new  and  valuable  chemical  facts  is  by  means  of 
organized  research. 

Broadly  speaking,  research  in  chemistry  may  be  divided 
into  abstract  research  in  pure  chemistry  and  industrial  chemical 
research.  The  former  type  of  research  covers  the  development 
of  new  chemical  compounds  regardless  of  their  present  or 
prospective  use  to  humanity.  Such  work  is  absolutely  neces¬ 
sary  and  the  abstract  discoveries  of  one  generation  become  the 
valuable  applied  materials  of  the  next.  Oftentimes  the  appli¬ 
cation  follows  the  discovery  very  closely. 

Industrial  chemical  research  consists  in  the  endeavor  to 
apply  existing  chemical  knowledge  to  industrial  problems,  either 
to  the  overcoming  of  difficulties  in  manufacture,  or  to  the  mak¬ 
ing  of  improved  or  new  products.  This  field  is  being  more  in¬ 
dustriously  tilled  and  some  excellent  results  have  been  ob¬ 
tained.  One  of  the  large  manufacturers  of  electrical  supplies 
and  machinery  installed  a  research  laboratory  a  few’  years  ago 
under  Dr.  W.  R.  Whitney,  who,  in  a  contribution  to  “Technol¬ 
ogy  and  Industrial  Efficiency”  says,  “the  complex  development 
of  society  in  which  each  particular  requirement  is  satisfied  by 
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a  metal  or  combination  of  special  properties  is  largely  responsible 
for  research  laboratories.”  The  research  laboratory  is  a  place 
where  men  are  especially  occupied  with  new  problems  presum¬ 
ably  not  too  far  in  advance  of  technical  application.  By  this 
group  devoting  its  entire  attention  to  elimination  of  difficulties 
or  supplying  necessities  already  well  defined,  the  efficiency  of 
processes  is  increased.  Research  men  must  have  been  espec¬ 
ially  trained  for  research  and  they  are  usually  just  as  unfitted 
for  successful  manufacturing  as  those  who  efficiently  reproduce 
are  for  discovering  or  inventing.  A  man  with  his  entire  at¬ 
tention  devoted  for  months  or  years  to  a  single  problem  should 
be  better  able  to  reach  a  solution  than  the  man  who  can  devote 
only  irregular  intervals  to  it. 

Starting  with  an  expenditure  of  $10  000  a  year,  the  Gen¬ 
eral  Electric  Company  is  now  spending  in  research  more  than 
$100  000  per  year.  It  goes  without  saying  that  the  laboratory 
has  been  a  producer  of  results  of  great  value. 

Germany  has  been  advancing  industrially  beyond  other 
countries,  not  by  newly  opened  territories,  new  railroads,  new 
farm  lands,  new  water  power  sites,  but  by  new  technical  dis¬ 
coveries.  Her  universities  and  technical  schools  have  made  this 
possible  by  an  apparent  over-production  of  research  men.  We 
have  raw  material  for  even  greater  development,  but  Germany 
has  taken  the  lead  because  she  had  the  prepared  men.  In  the 
industrial  field  at  present,  the  great  problems  in  chemical  and 
electrical  engineering  are  increase  in  the  efficiency  of  con¬ 
version  of  the  energy  of  coal  into  steam  and  electricity.  In 
working  out  these  problems  it  is  quite  possible  that  the  chemist, 
as  well  as  the  engineer,  will  be  of  service.  It  is  even  more 
probable  that  in  the  utilization  of  the  solar  energy,  photo¬ 
chemistry  will  be  a  great  and  important  factor.  Other  un¬ 
solved  problems  in  the  electrical  field  are  the  production  of 
artificial  light  in  an  efficient  manner  and  the  cutting  down  of 
transformer  losses. 

METALLURGY 

DEVELOPMENTS  IN  THE  AMERICAN  IRON  AND  STEEL  INDUSTRY 

These  developments  have  been  so  well  summarized  by 
G.  D.  Chamberlain  in  an  address  delivered  by  him  recently, 
when  assuming  the  chairmanship  of  the  Pittsburgh  Section  of 
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the  American  Chemical  Society,  that  I  shall  use  some  of  the 
data  which  he  has  brought  out ; 

Iron  Ore  Supply :  There  is  little  to  be  feared  as  regards 
the  exhaustion  of  iron  ore  supplies  in  America  for  many  years 
to  come.  Discoveries  of  new  ore  bodies  of  great  importance 
have  been  made  within  the  last  eight  years.  While  great 
quantities  of  ore  have  been  taken  from  the  Mesaba  Range  (nearly 
300  000  000  tons),  its  reserves  have  been  continually  increased, 
so  that  they  are  greater  now  than  they  have  ever  been,  and 
exploration  is  not  yet  complete.  A  mining  engineer  of  stand¬ 
ing  estimates  that  in  the  State  of  Michigan  more  iron  ore  will 
still  be  discovered  than  is  now  known  to  exist  in  the  Mesaba. 
The  Cuyuna  Range  which  lies  to  the  Southwest  of  the  Mesaba 
along  the  upper  Mississippi  is  estimated  to  have  over  250  000  000 
tons  of  ore  of  merchantable  grades,  leaner  than  the  Mesaba  ores 
and  extremely  wet,  but  still  very  valuable. 

The  estimated  tonnage  of  the  Alabama  and  adjacent  fields 
approximates  half  of  the  Lake  Superior  iron  ore  tonnage. 

The  third  American  deposit  of  magnitude  is  the  one  in 
Oriente  Province  in  Eastern  Cuba.  This  ore  is  a  hydrous  brown 
hematite,  a  blanket  formation  of  great  extent  averaging  15  ft. 
in  depth  and  almost  without  overburden.  This  deposit  and  ad¬ 
jacent  ones  known  as  the  Mayari  and  Moa  Districts  are  stated 
to  contain  from  1500  to  2000  million  tons.  The  ores  are  of  a 
clay-like  consistency  and  are  difficult  to  handle.  They  are 
treated  in  rotary  driers  to  remove  some  40  percent  of  water 
and  to  nodulize  for  convenience  in  handling  and  smelting.  The 
ore  carries  from  1.5  to  2.0  percent  of  chromium  and  approxi¬ 
mately  half  as  much  nickel.  These  elements  should  be  valuable 
in  making  alloy  steels  from  the  iron  smelted  from  this  ore. 
While  the  iron  ore  in  these  three  deposits  aggregates  some  5000 
million  tons,  a  number  of  100  million  ton  deposits  are  known, 
and  are  producing,  or  are  likely  to  soon  be  producers.  These 
include  the  magnetites  of  New  York  and  New  Jersey,  and 
brown  ores  of  Texas,  the  magnetites  of  Moose  Mountain,  On¬ 
tario,  the  Wabana  deposits  in  Newfoundland,  etc.  There  are 
also  great  quantities  of  iron  ore  which  can  be  concentrated  to 
merchantable  grade  both  in  the  Lake  Superior  region  and  else¬ 
where.  This  method  of  preparation  has  already  been  put  into 
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use  on  the  Mesaba,  so  that  3  000  000  tons  of  concentrates  were 
made  last  year. 

In  Brazil,  in  the  state  of  Minas  Geraes,  in  the  southeast  part 
of  the  country,  300  miles  from  the  coast,  there  is  an  enormous 
deposit  of  very  high  grade  iron  ore  which  has  been  examined 
by  many  geologists,  including  Dr.  C.  K.  Leith,  who  is  well 
known  in  the  United  States.  Single  lenses  occur  which  are  in 
parts  2000  feet  thick  and  which  are  more  than  three  miles  in 
length.  It  is  believed  that  the  amount  of  high  grade  ore  con¬ 
taining  from  63  to  69  percent  iron  exceeds  2000  million  tons. 
These  are  probably  the  richest  Bessemer  ores  in  the  world. 

In  Chile  large  iron  ore  deposits  are  said  to  exist  and  are 
likely  to  be  developed  in  the  near  future  by  American  capital. 

FUEL  FOR  IRON  PRODUCTION 

We  have  been  fortunate  to  have  the  subject  of  by-product 
coke  production  very  thoroughly  discussed  for  us  by  W.  T. 
Hartman  and  others  at  our  May  meeting  last  year. 

The  extension  of  the  market  for  the  by-products  has  made 
possible  a  very  considerable  increase  in  the  number  of  by-pro¬ 
duct  ovens  in  the  United  States.  The  quality  of  the  coke  made 
in  the  by-product  ovens  has  long  since  been  proved  to  be  satis¬ 
factory  for  by-product  use,  notwithstanding  its  poorer  appear¬ 
ance  as  compared  with  bee-hive  coke.  The  first  cost  of  by¬ 
product  ovens  varies  from  $12  000  to  $18  000  as  compared  with 
from  $600  to  $700  per  oven  for  the  bee  hive  type,  but  it  must 
be  remembered  that  the  bee-hive  oven  handles  onlv  six  tons 
of  coal  in  48  hours,  while  the  by-product  oven  cokes  a  charge  of 
15  tons  in  from  15  to  18  hours,  giving  it  at  least  seven  times 
the  capacity  of  the  bee-hive  oven,  so  that  the  ratios  of  the  first 
cost  are  not  so  disproportionate  as  would  at  first  appear.  The 
15  ton  by-product  ovens  are  40  ft.  long  by  11  ft.  high  by  19 
inches  wide.  Seventy  ovens  have  been  built  in  a  battery  in 
this  country  and  in  Germany  120  ovens  are  in  one  battery, 
and  no  expansion  difficulties  have  been  encountered. 

The  life  of  by-product  ovens  depends  on  the  care  they 
receive  and  on  the  constitution  of  the  coals,  especially  as  re¬ 
gards  presence  of  alkaline  salts,  which  flux  the  refractory  lin¬ 
ing.  One  seventy-oven  battery  has  been  in  operation  for  3.5 
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years  and  appears  to  be  still  in  condition  to  be  run  for  at 
least  as  long  without  repairs. 

It  has  been  necessary  to  prepare  the  coal  for  by-product 
ovens  quite  carefully  both  as  to  size  and  composition.  It  has 
been  necessary  to  bring  to  Illinois,  for  example,  coals  from  West 
Virginia  and  Pennsylvania.  Very  little  Illinois  coal  has  been 
used  in  the  mixture,  which  has  been  proportioned  so  that  the 
volatile  content  should  not  exceed  25  percent.  At  Duluth, 
however,  it  is  expected  that  they  will  make  coke  exclusively  from 
0.75  inch  Pittsburgh  screenings  containing  35  percent  volatile 
matter.  This  will  be  possible  only  because  the  blast  furnaces  are 
relatively  small  and  the  strength  of  the  coke  need  not  be  so 
great. 

The  coals  are  crushed  so  that  85  percent  will  pass  a  %  inch 
mesh  screen.  Coke  yield  in  the  by-product  oven  is  from  five  to  ten 
percent  more  for  the  same  coal  than  is  obtained  in  the  bee¬ 
hive  oven. 

Notwithstanding  the  wastefulness  of  the  bee-hive  process, 
it  will  doubtless  be  used  for  many  years  in  certain  parts  of  the 
country. 

By  collecting  the  gases  from  a  bank  of  ovens  of  the  bee¬ 
hive  type  and  burning  them  under  steam  boilers,  it  is  believed 
that  in  certain  cases,  the  economic  results  are  just  as  satis¬ 
factory  as  with  a  by-product  plant. 

COMMERCIAL  IRON  SPONGE  PRODUCTION  IN  SWEDEN 

Spongy  iron  is  being  commercially  produced  by  the  Ilog- 
anas-Billesholms  Aktiebolag,  at  Hoganas,  Sweden,  and  the  pro¬ 
duct,  of  which  some  3739  tons  were  made  in  1911,  was  chiefly 
exported  to  Germany  for  use  in  open  hearth  steel  manufacture. 
The  works  are  being  enlarged  to  give  an  output  of  40  000  tons 
per  year,  and  they  are  expected  to  have  this  capacity  from 
September,  1912. 

This  concern  is  evidently  a  large  producer  of  low  grade 
coal  and  fire  clay,  and  they  have  worked  up  a  process  for  re¬ 
ducing  fine  magnetic  iron  ore,  which  they  get  from  a  concen¬ 
trating  operation  which  is  carried  on  in  the  neighborhood.  This 
ore  they  allude  to  as  a  slime  and  it  is  no  doubt  in  a  fine  state 
of  division. 
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Their  general  method  of  operation  is  to  deposit  alternate 
layers  of  coal  and  ore  in  a  refractory  vessel,  probably  cylindri¬ 
cal  in  shape,  which  vessel  is  sealed  against  the  entrance  of  air 
and  is  placed  in  a  ring  kiln  of  the  Hoffman  type,  which  is  so 
largely  used  in  the  brick  industry".  The  kiln  is  fired  with  pro¬ 
ducer  gas  made  from  an  inferior  coal  and  the  vessels  are  suc¬ 
cessively  heated  and  cooled;  the  whole  process  taking  from  five 
to  seven  days,  the  maximum  temperature  being  1050 — 1200 
deg.  Cent. 

The  furnace  works  very  economically  as  regards  fuel  con¬ 
sumption  and  is  so  constructed  that  the  different  compartments 
can  be  cut  out  without  interfering  with  the  action  of  the  furnace 
as  a  whole. 

The  coals  used  have  the  following  composition: 

No.  2  for  Reduction.  No.  3  for  Producer. 


Water 

15.00% 

15.00% 

Ash 

28.97% 

43.49% 

Carbon 

40.50% 

27.15% 

Hydrogen 

2.94% 

2.38% 

Nitrogen 

.60% 

.51% 

Sulphur 

.65% 

.88% 

Calories 

3871  W.  E. 

2782  W.  E. 

The  amounts  of  coal  used  and  of  iron  sponge  produced  in 
December  1911  were  as  follows : 

No.  2  coal  for  reduction,  76.8  tons. 

No.  3  coal  for  producer,  23.2  tons. 

Carbonate  of  lime  to  retain  sulphur,  15  tons. 

Magnetic  iron  ore  slime,  1.37  tons  per  ton  of  sponge. 

Ore  contained  71.3  percent  metallic  iron. 

Production  of  iron  sponge,  373  tons. 

Sponge  briquettes,  270  m.m.  diameter  and  60  m.m.  thick. 
Specific  gravity  of  uncompressed  sponge,  2. 

Compressed  sponge  has  a  specific  gravity  of  5.5 — 6.0. 


Analysis  of  iron  sponge  produced 


Iron 

Sulphur 

Phosphorus 

Silica 


96.00  —  97.00% 

.01  —  .02% 
.012% 

1.4% 


It  is  claimed  that  by  keeping  the  ore  and  the  fuel  in  layers 
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the  ash  of  the  fuel  is  easily  detached  from  the  iron  sponge  layers 
'which  form  where  the  ore  was. 

Confirming  the  accuracy  of  the  statements  coming  directly 
from  Sweden.  I  find  that  shortly  previous  to  February  of  this 
year,  the  German  government  was  discussing  the  question  of 
the  duty  to  he  charged  upon  this  iron  sponge  coming  from 
Sweden,  and  testimony  was  received  from  German  sources,  that 
analysis  showed  the  iron  sponge  to  be  composed  as  follows : 


German  analysis  of  Swedish  Iron  Sponge 


Iron 

Phosphorus 

Silica 

Sulphur 

Manganese  Oxide 


97.37% 


.012% 

.89% 

.08% 

•  27% 


The  English  patents  on  which  the  Swedish  practice  is  based, 
are  in  the  name  of  Sieurin  of  Hoganas,  Sweden,  and  they  are 
as  follows: 

No.  11807  of  1910,  entitled  “Improved  Method  of  Reducing 
Metals  from  their  Ore.” 

No.  1134  of  1911,  entitled  “  Improvements  in  and  Relating 
to  the  Reduction  of  Ore.” 

No.  14612  of  1911,  entitled  “Improvements  in  and  Relat¬ 
ing  to  the  Reduction  of  Metal  Ores.” 

USE  OF  BLAST  FURNACE  GAS  AS  A  SOURCE  OF  TOWER 

Many  large  installations  have  been  put  in  by  iron  works  in 
this  country  for  washing  and  cleansing  blast  furnace  gas  for 
use  in  gas  engines.  Two  systems  have  been  used,  the  hydraulic 
fan  and  the  Theisen  washer.  Both  use  considerable  quantities 
of  water  but  give  satisfactorv  results.  Nevertheless  they  are 
now  superseded  in  Europe  by  new  processes  which  cost  less  to 
install  and  use  less  power  and  consume  less  water.  One  of  these 
new  processes  operates  on  the  principle  of  filtering  the  gas  in  a 
dry  condition,  water  being  used  only  in  small  amount  to  cool 
the  gas  to  atmospheric  temperature.  Filter  bags  made  of  special 
fabric  are  suspended  vertically  in  air-tight  compartments.  The 
gas  is  cooled  to  about  150  deg.  Falir.  and  passed  through  the 
filter  bags  which  are  shaken  at  regular  intervals  by  an  auto¬ 
matic  mechanism.  Compartments  are  separated  automatically 
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from  the  others  while  the  accumulated  dust  is  being  removed. 
The  power  consumption  is  said  to  be  only  one-third  of  that  re¬ 
quired  for  the  washers  and  the  water  consumption  only  one- 
fifth.  The  dust  content  in  the  purified  gas  is  below  0.0004  grams 
per  cubic  foot  (Iron  Trade  Review,  December  19,  1912,  p.  1166; 
11  Recent  Development  of  Gas  Power  in  Europe,”  by  H.  J. 
Freyn). 

DRYING  AIR  FOR  IRON  BLAST  FURNACES 

The  progress  in  this  art  has  been  well  shown  in  the  paper 
of  Bruce  Walter,  read  before  our  Society  in  April  of  last  year. 
There  are  six  plants  in  the  United  States  using  dry  blast  for 
blast  furnace  operation.  The  cost  of  installation  of  a  dry  blast 
plant,  using  the  improved  system  of  cooling  by  actual  contact 
between  the  air  and  the  cold  brine,  is  $93  000  for  a  furnace 
making  160  000  tons  of  iron  per  year,  and  the  cost  of  operation 
is  4.25^  per  ton  of  iron  produced.  The  plant  cost  is  25  percent 
less  than  with  the  svstems  using  brine  coils. 

The  economics  effected  average  12.5  percent  saving  of  fuel 
and  10  percent  increased  production  of  iron,  which  in  this  dis¬ 
trict  means  about  50^  per  ton  of  iron,  or  $80  000  per  year,  on  a 
160  000  ton  furnace.  The  greatest  advantage,  however,  is  the 
regular  working  of  the  furnace  so  that  it  is  not  necessary  to 
carry  reserve  heat  in  the  stoves. 

THIN  LINED  IRON  BLAST  FURNACES 

Several  thin-lined  furnaces  have  been  built  in  this  countrv. 

i/ 

The  one  at  the  American  Steel  &  Wire  Co.'s  plant  at  Cleveland 
is  described  in  the  Iron  Age,  Feb.  1st.,  1912.  This  method  of 
construction  is  rather  common  in  Germany.  The  saving  in 
cost  of  installation  is  not  very  great,  as  the  cost  of  the  water¬ 
cooling  system  counter-balances  the  saving  in  refractory  ma¬ 
terial.  The  principal  advantage  is  in  the  greater  regularity  of 
operation  due  to  the  maintenance  of  the  original  lines  of  the 
inside  of  the  furnace. 

BLAST  FURNACE  WASTE  UTILIZATION 

Until  the  last  ten  years  no  blast  furnace  waste  was  utilized, 
except  a  portion  of  the  gases  used  to  heat  the  blast  or  to  gen¬ 
erate  steam.  Now  the  waste  gases  are  used  in  gas  engines  which 


HANDY — RECENT  PROGRESS  IN  CHEMISTRY  AND  ENGINEERING  33 

operate  the  blowing  engines  and  generate  electric  power.  A 
large  part  of  the  slag  is  used  in  making  portland  cement.  The 
flue  dust,  consisting  of  the  finest  ore  and  coke,  is  being  recover¬ 
ed.  These  savings,  or  profits,  amount  to  millions  of  dollars  per 
annum. 

Pig  iron  seems  a  by-product  as  the  investment  to  bring 
about  these  savings  exceeds  that  for  the  blast  furnace,  itself. 
Over  12  000  000  barrels  of  portland  cement  are  made  annually 
from  slag  and  limestone,  using  over  300  000  tons  of  slag ;  the 
plant  being  driven  entirely  by  electric  current,  generated  by  gas 
engines  from  waste  blast  furnace  gas,  40  000  h.p.  being  neces¬ 
sary  for  24  hours. 

%/ 

The  power  obtained  through  gas  engines  from  a  given 
amount  of  gas  is  two  and  a  half  times  that  obtained  by  burning 
the  gas  under  boilers  for  generating  steam  for  steam  engines. 

From  the  waste  gas  of  a  modern  blast  furnace  of  average 
size  7000  kw.  electric  power  may  be  obtained  through  gas  en¬ 
gines  and  generators.  The  United  States  Steel  Corporation  has 
already  installed  250  000  h.p.  of  gas  blowing  and  gas  electric 
units,  which  would  require  1  000  000  tons  of  coal  per  annum  to 
operate  in  the  old  fashioned  way. 

The  flue  dust  is  either  nodulized  in  rotary  kilns  and  bri¬ 
quetted  or  sintered. 

The  latest  development  in  the  matter  of  sintering  iron  ore 
flue  dust  is  that  of  James  G.  West,  Edgar  Thomson  Works, 
Carnegie  Steel  Company.  Some  facts  concerning  Mr.  West ’3 
process  are  as  follows:  (West — “Iron  Age”  Oct.  24,  1912,  p. 
954;  and,  Hamilton — “Iron  Age”  Octo.  21,  1912,  p.  1034.) 

Mesaba  iron  ores  average  30  percent  on  )/2  inch,  10  to  20 
percent  through  100  mesh,  50  percent  passing  20  mesh.  Flue 
dust  (normal)  has  seven  percent  on  20  mesh,  55  percent  on  60 
mesh,  and  30  percent  through  100  mesh.  Flue  dust  during  a 
slip  has  30  percent  on  20  mesh,  50  percent  on  40  mesh,  and  20 
percent  through  100  mesh.  Furnaces  using  70  percent  Mesaba 
ore,  average  four  percent  of  total  material  as  flue  dust.  Nearly 
3  000  000  tons  of  flue  dust  were  made  in  the  United  States  in 
1911 ;  85  percent  was  saved.  Analysis  shows  silica,  five  to  ten 
percent;  iron  46  to  48  percent,  carbon  three  to  eight  percent. 
West  sinters  this  in  thin  layers  on  the  bottom  of  a  movable 
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furnace,  adding  more  ore  as  fast  as  it  is  sintered.  He  raises  the 
iron  content  beforehand  by  magnetic  separation  and  dry  con¬ 
centration.  In  the  blast  furnace,  30  percent  of  this  sintered 
material  works  well. 


Estimated  Cost  of  installation  and  operation  of  various  Flue 
Dust  Agglomerating  Processes : 


Greenawalt  or  Dwight-Lloyd 
‘  Porous  Product” 

Installation  ) 

Rotary 

Kiln 

Briquetting 

(Grondal) 

Sintering 

West 

Cost  per  ton — 24  hours  V 
in  large  Plants.  ) 

*Fuel  for  operation 

$150 

$300 

$400 

*$100 

t$0.05 

$0.39 

$0.35 

$0.25 

Labor  operation  \ 

Labor  repairs  r 

Material  i 

All  other  costs  ] 

0.45 

0.61 

1.25 

.25 

Total  cost  per  ton 

$0.50 

$1.00 

$1.60 

$0.50 

IRON  MANUFACTURING 

ECONOMIES 

REALIZED 

AND  PROSPECTIVE 

We  are  able  to  produce  steel  with  nearly  one-fourth  less  coal 
than  was  formerly  required  to  make  wrought  iron. 

As  power  sources,  the  engines  and  boilers  of  fifty  years  ago 
had  an  efficiency  of  four  to  five  percent  of  the  total  heat  in 
the  fuel  finally  realized  as  work  in  the  engine.  Today  the  com¬ 
bination  of  low  pressure  steam  turbine  and  non-condensing 
compound  engine  give  us  a  thermal  efficiency  of  16  percent. 

With  a  thermal  efficiency  of  35  percent  a  given  quantity 
of  blast  furnace  gas  produces  in  the  gas  engine  at  least  twice 
the  amount  of  power  obtainable  with  the  modern  boiler  and 
steam  engine. 

The  production  of  coke  in  the  United  States  in  1910  was 
about  41  000  000  net  tons,  made  mostly  in  the  bee-hive  oven. 
Had  this  been  made  in  by-product  ovens,  10  000  000  tons  less 
coal  would  have  been  required,  and  a  saving  of  by-products  in 
surplus  gas,  tar,  and  ammonia  made,  which  would  have  had  a 
value  of  $39  000  000. 

ELECTRIC  FURNACE  PRODUCTION  OF  PIG  IRON 

Furnaces  are  in  operation  in  three  places  in  Sweden,  two 

♦Coal  at  $2.00  per  ton  for  12  000  B.t.u.  per  pound. 

fGasoline  cost  for  igniting  fuel  in  dust. 

Jlf  Crude  Oil  or  Natural  Gas  is  used  $80. 
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in  Norway,  one  in  Switzerland,  and  one  in  California.  The 
California  plant,  when  completed  will  produce  100  tons  of  pig 
iron  per  day.  One-third  less  coke  is  used  than  in  blast  furnace 
practice. 

We  have  been  fortunate  in  having  presented  to  our  Society 
and  published  in  our  March  1912  Proceedings,  a  paper  by  Prof. 
Jos.  W.  Richards  on  “Electric  Furnace  Production  of  Pig  Iron 
and  Pig  Steel”,  giving  a  summary  of  the  most  recent  develop¬ 
ments  of  this  industry  in  Sweden  and  Norway.  The  new  name 
4 ‘pig  steel”  has  been  devised  in  order  to  describe  a  metal  made 
in  the  electric  furnace  using  less  carbon  and  less  power  than 
would  be  required  for  making  ordinary  pig  iron.  The  product 
contained  as  little  as  1.5  percent  of  carbon  and  0.1  percent  of 
silicon  and  0.1  percent  of  manganese.  It  is  really  a  crude  steel, 
more  cheaply  made  and  more  cheaply  convertable  into  refined 
steel  than  the  ordinary  pig  iron  containing  much  larger  amounts 
of  impurities.  A  tabular  statement  of  the  first  six  months  run 
at  the  Trollhatten,  Sweden,  furnace,  where  the  most  advanced 
work  is  being  done  on  electric  pig  iron  production,  is  given  by 
Dr.  Richards  at  the  conclusion  of  the  discussion  of  his  paper. 
Many  details  are  given  but  from  these  the  following  are  chosen 
as  of  sufficient  importance  to  warrant  repetition  in  this  con¬ 
nection.  In  the  week  of  September  4th  to  11th,  1911,  the  furn¬ 
ace  consulted  only  336  kilograms  (739  lb.)  of  carbon,  and  1736 
kw.  hours  (average  about  2200  kw.  hours)  per  ton  of  pig  iron 
produced,  with  an  electrode  consumption  of  5.5  kilos  (12.1  lb.). 
The  furnace  is  operated  with  iron  ore  containing  61.5  percent 
of  iron  on  the  average  and  3.66  tons  of  iron  per  kilowatt  year 
was  the  average  production.  Dr.  Richards  confidently  predicts 
that  within  the  next  few  years  the  cost  of  electric  pig  iron  and 
pig  steel  production  will  be  decreased  several  dollars  per  ton, 
and  that  a  comparison  with  the  modern  blast  furnace  will  be 
constantly  more  favorable  to  the  electric  furnace  as  larger  elec¬ 
tric  furnaces  are  built. 

In  Sweden  they  are  making  electric  pig  iron  at  $1.50  less 
a  ton  than  they  could  in  their  charcoal  blast  furnaces  and  with 
their  4000  kw.  furnace  at  Domnarfvet  they  expect  to  make  it 
at  $2.50  per  ton  less  than  they  could  in  their  blast  furnace. 

In  Shasta  County,  California,  the  small  electric  pig  iron 
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plant  can  sell  its  product  cheaper  in  San  Francisco  than  Eastern 
pig  iron  can  be  sold  there. 

STEEL  PRODUCTION 

For  the  first  time,  statistics  of  steel  production  in  the 
United  States  were  made  up  for  the  first  half  of  the  year  in 
1912.  The  production  for  that  period  was  14  373  701  tons,  of 
which  9  414  706  tons  were  open-hearth,  4  868  306  tons  bessemer, 
and  63  689  tons  crucible  and  special  steels.  Of  the  total  re¬ 
ported  8  927  579  tons  were  basic  steel  and  5  466  122  tons  acid 
steel.  The  production  for  the  second  half  of  the  year  was  un¬ 
doubtedly  greater  than  that  of  the  first  half  by  at  least  the  same 
proportion  as  the  output  of  pig  iron.  On  this  basis,  we  have 
estimated  the  total  production  of  steel  for  the  year  at  29  745  000 
tons,  of  which  19  600  000  tons  approximately  were  open-hearth, 
10  015  000  tons  bessemer,  and  130  000  tons  special  steels.  The 
proportion  of  basic  steel  to  the  total  was  about  62.5  percent 
and  of  acid  steel  37.5  percent.  The  basic  open-hearth  steel  pro¬ 
cess  is  undoubtedly  the  growing  steel  industry  in  the  United 
States. 

ADVANCES  IN  STEEL  MANUFACTURE 

The  Bessemer  process  now  produces  not  more  than  one- 
third  of  the  entire  steel  production  of  the  United  States,  the 
remainder  being  ichiefly  open-hearth.  Numerous  new  open- 
hearth  installations  are  in  progress,  but  no  new  bessemer  in¬ 
stallations.  The  electric  furnace  is  making  fairly  rapid  pro¬ 
gress  in  the  world  at  large  and  there  are  a  number  of  furnaces 
in  the  United  States.  Six  or  seven  large  American  steel  manu¬ 
facturing  plants  are  using  the  bessemer  and  open-hearth  duplex 
process,  the  steel  being  first  blown  in  the  bessemer  and  then 
refined  in  the  open-hearth,  so  that  the  output  of  open-hearth 
steel  is  much  increased.  In  some  plants  bessemer  steel  is  being 
refined  in  electric  furnaces  where  the  conditions  are  even  more 
favorable  than  in  the  open-hearth  for  the  removal  of  impuri¬ 
ties.  Single  open-hearth  units  of  100  tons  for  stationarj^  furn¬ 
aces  and  250  tons  for  tilting  furnaces  have  been  made.  It  is 
hoped  to  increase  the  life  of  open-hearth  furnaces  by  water- 
jacketing  parts  of  them.  The  stack  losses  in  sensible  heat  in 
the  open-hearth  processes  are  enormous.  Waste  heat  boilers 
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save  some  of  this  in  some  cases.  A  6000  h.p.  steam  plant  is  to 
be  installed  for  this  purpose  at  an  existing  open-hearth  works. 

STEEL  PRODUCTION  IN  THE  ELECTRIC  FURNACE 

The  output  of  electrically  refined  steel  in  1908  was  30  000 
tons;  in  1910,  120  000  tons;  in  1911,  165  000  tons,  (estimated). 

The  improvements  since  1908  consist  in  the  use  of  blast 
furnace  gas  in  gas  engines  for  generating  electric  power,  in 
some  cases,  and  an  increase  in  the  size  of  furnaces,  which  are 
now  built  five  times  as  large  and  consuming  only  two-thirds  as 
much  power  per  unit  of  output.  In  1907  the  largest  furnace 
was  three  tons  in  capacity  and  required  480  kw.  In  1912,  the 
capacity  was  15  to  25  tons  per  charge  and  2000  to  3000  kw. 
were  required.  Radiation  losses  have  been  reduced  and  a  uni¬ 
form  product  made. 

Power  consumption  in  1907  was  800  kw.  per  2000  lb.  of 
metal  from  cold  scrap.  In  1912,  575  kw.  was  required  for  the 
same  work.  Electrode  consumption  has  been  reduced  50  percent 
in  the  past  five  years.  At  first  the  electric  furnace  was  only 
used  for  the  finer  and  higher  priced  tool  and  alloy  steels.  At 
present  it  is  used  for  axle,  tire,  gun,  and  wire  plate  steels,  and 
steel  castings. 

For  rail  and  structural  steel,  the  electric  process  competes 
successfully  with  the  open-hearth  in  Norway  and  Sweden,  but 
not  yet  in  England,  Germany,  and  America.  There  are  31  Her- 
oult  furnaces  which  now  produce  1489  tons  of  steel  daily,  and 
the  capacity  is  being  doubled. 

At  the  Illinois  Steel  Company’s  Works  in  South  Chicago 
in  1911,  15  tons  of  oxidized  blown  bessemer  steel  were  refined  in 
less  than  two  hours,  the  power  consumption  averaging  104  kw. 
hours  per  metric  ton.  The  electrode  consumption  was  from  six 
to  ten  pounds  per  ton  of  steel;  the  roof  and  hearth  repairs,  6^ 
per  ton. 

PRODUCTION  OF  SOUND  STEEL  INGOTS 

It  has  not  yet  been  made  practicable  to  prevent  the  forma¬ 
tion  of  pipes  or  blow  holes  in  steel  ingots.  Mr.  Chamberlain 
cites  the  only  known  entirely  successful  suggestion,  that  of  cut¬ 
ting  the  ingot  in  half  and  discarding  both  halves.  Seriously 
speaking,  however,  progress  has  been  made,  as  is  evidenced  by 
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the  Hadfieltl  and  Goldschmidt  methods  described  at  the  Iron  & 
Steel  Institute  meeting  last  year. 

The  most  recent  suggestion,  however,  is  that  of  Talbot  (En¬ 
gineering  Magazine,  January  1913,  page  617),  who  proposes  to 
add  a  sufficient  amount  of  aluminum  to  cause  the  elimination  of 
gases  and  the  rapid  solidification  of  the  outside  of  the  ingot. 
For  a  20  by  24  inch  ingot  two  ounces  of  aluminum  per  ton  of 
steel  is  added  while  pouring.  The  ingot  is  stripped  as  soon  as 
possible  and  put  into  the  soaking-pit.  At  the  proper  moment 
it  is  withdrawn  and  reduced  to  18  by  18  inches.  It  is  next  re¬ 
turned  to  the  soaking-pit  for  proper  heating  and  solidifying  of 
the  mass.  It  is  then  rolled  down  into  a  bloom,  cropped  and  passed 
to  the  rail  mill.  The  rail  so  produced  has  a  hard  face,  a  harder 
ring  back  of  this  and  a  softer  center.  There  is  no  pipe  in  the  rail, 
Modifications  of  existing  rail  mills  will  be  necessary  in  order 
to  carry  out  this  process.  So  far,  the  rails  produced  by  this 
method  pass  the  drop  test  and  other  British  standard  specifica¬ 
tions  satisfactorily. 

This  preliminary  partial  rolling  of  the  ingot  while  the 
center  is  still  lirpiid  appears  to  eliminate  the  pipe  cavity,  and 
the  process  seems  to  be  sufficiently  promising  to  warrant  thor¬ 
ough  testing  out  as  to  its  practicability,  and  as  to  the  satisfac¬ 
tory  quality  of  the  product. 

ALLOY  STEELS 

For  special  steels,  instead  of  carbon,  other  elements  are 
used  which  increase  the  hardness,  but  prevent  the  formation  of 
a  crvstalline  structure  liable  to  cracks  and  flaws. 

Nickel  is  the  material  most  used  either  alone  or  in  com¬ 
bination  with  chromium  or  vanadium.  The  automobile  industry 
uses  large  quantities,  particularly  for  axle  steels.  Proper  heat 
treatment  is  necessary  to  develop  the  best  inherent  qualities. 
Alloys  containing  23  percent  nickel  are  lion-magnetic  and  prac¬ 
tically  incorrodible.  Those  containing  30  percent  have  high 
electrical  resistance.  An  alloy  of  35  percent  nickel  has  a  co¬ 
efficient  of  expansion  only  one-twentieth  of  that  of  ordinary 
steel,  and  not  greater  than  that  of  glass.  Five  percent  of  nickel 
in  cast  iron  increases  its  resistance  to  hot  caustic  soda  to  a  high 
degree.  Alloy  steels  containing  10  percent  of  chromium  and 
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from  two  to  five  percent  of  molybdenum  are  insoluble  in  dilute 
hydrochloric,  sulphuric,  and  nitric  acids. 

An  alloy  steel  containing  60  percent  chromium,  35  percent 
iron,  and  two  to  three  percent  molybdenum  will  withstand  aqua 
regia. 

Chrome-tungsten  steels,  the  so-called  high  speed  tool  steels, 
are  now  well  known.  They  can  be  used  at  such  speeds  that  both 
drill  and  drillings  become  red  hot  without  losing  hardness. 

The  alloys  of  iron,  chromium,  tungsten,  and  vanadium  pos¬ 
sesses  a  high  degree  of  strength  even  at  500  deg.  Cent.,  a  tem¬ 
perature  at  which  ordinary  steels  are  quite  weak.  Such  alloys 
are  needed  by  engineers  for  steel  turbine  construction,  and  by 
chemists  requiring  material  which  will  stand  heavy  pressure  at 
high  temperature,  as  in  Haber’s  process  of  ammonia  manufac¬ 
ture.  A  valuable  alloy  steel  recently  brought  out  by  Krupp  for 
the  construction  of  safety  vaults  and  safes  can  neither  be  drilled 
through  nor  shattered  by  explosions,  nor  cut  by  the  oxy-hydro- 
gen  or  acetylene  flame  even  in  one  and  one-half  hours,  where 
steel  of  equal  thickness  is  cut  through  in  six  minutes.  In  regu¬ 
lar  work  with  ordinary  steel,  a  one  inch  steel  plate  can  be  cut  at 
the  rate  of  one  foot  per  minute  at  a  cost  not  exceeding  10^  per 
foot.  Twelve  inch  slabs  or  plates  of  some  special  steels  can  be 
cut  through  at  the  rate  of  five  feet  per  hour  for  $3.50  per  foot. 
Such  steels  cannot  be  worked  in  any  other  way. 

Manganese  steel  is  valuable  because  of  hardness  and  tough¬ 
ness. 

The  most  valuable  property  of  vanadium  steels  is  their 
superior  resistance  to  repeated  stresses.  When  tested  in  the 
alternating  impact  or  alternating  stress  machines,  vanadium  or 
chrome-vanadium  steels  withstand  a  greater  number  of  impacts 
or  stresses  than  plain  carbon  steels  of  equal  purity.  It  is  a  mat¬ 
ter  of  record  that  a  chrome-vanadium  steel  spring  gave  26 
months  of  service  on  a  hot-forge  nut-making  machine.  During 
that  time  it  made  over  30  000  000  movements  at  the  rate  of  75 
per  minute,  the  travel  of  the  spring  being  1.75  inches.  High 
grade  crucible  carbon  steel  springs  formerly  used,  lasted  only 
from  one  week  to  two  months. 

Copper-bearing  steels,  containing  0.25  to  0.50  percent  of 
copper,  are  remarkably  resistant  to  atmospheric  corroding  in- 
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fluences.  They  outlast  by  100  percent  similar  steels  without 
copper. 

Silicon  steel  tools  and  springs  containing  approximately 
two  percent  silicon  and  a  high  percentage  of  carbon  are  espec¬ 
ially  capable  of  standing  high  strain.  Alloy  steels  with  four 
percent  silicon  and  very  low  in  carbon  are  valuable  in  sheet 
form  for  construction  of  dynamos,  motors,  transformers,  etc. ; 
8000  tons  per  year  are  used  in  Germany.  Its  electrical  resist¬ 
ance  is  four  to  five  times  that  of  ordinary  iron.  The  loss  by 
Foucault  currents  is  one-half  that  of  ordinary  steel. 

Electrolytic  iron  made  by  electrolyzing  at  100°  to  120°  a 
solution  of  an  iron  salt  containing  some  calcium  chloride,  is  free 
from  hydrogen  and  is  exceedingly  soft,  and  superior  to  silicon 
steel  for  electromagnets.  It  becomes  magnetic  more  quickly  and 
gives  up  its  magnetism  more  readily,  thus  considerably  increas¬ 
ing  the  efficiency  of  motors.  The  motor  constructed  of  silicon 
iron  for  an  output  of  0.5  h.p.  can  be  replaced  by  a  motor  com¬ 
posed  of  electrolytic  iron,  which  will  wear  longer  and  furnish 
two  and  a  half  times  as  much  power. 

COPPER  COVERED  STEELS 

It  was  formerly  considered  an  impossibility  to  weld  copper 
and  iron  or  steel  together,  but  recently  a  process  has  been  de¬ 
veloped,  and  now  many  tons  of  this  material  in  the  form  of 
copper-covered  bars  and  wire  are  being  made.  The  copper 
covered  wire,  because  of  the  strength  of  its  steel  core,  is  of 
especial  value  to  telephone  companies.  The  copper  and  steel  are 
welded  together  at  the  ordinary  rolling  temperature,  which  is 
about  950  deg.  Cent.  A  few  passes  through  the  roll  completes 
the  welding  operation  and  thereafter  both  in  hot  rolling  and 
cold  drawing  the  copper  and  steel  expand  evenly  and  maintain 
the  same  ratio  and  relative  positions. 

HEAT  TREATMENT  OF  STEEL 

The  delicacy  of  the  operation  of  developing  the  maximum 
hardness  and  toughness  of  steel  is  not  generally  appreciated. 
It  is  well  illustrated  by  Brayshaw,  an  English  metallurgist. 

Two  series  of  steel  bars  were  made,  one  set  containing  0.5 
percent  of  tungsten,  the  other  set  being  practically  identical 
but  without  tungsten.  It  is  shown  that,  if  quenched  at  730  deg. 
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Cent.  (1346  deg.  Fahr.)  the  elastic  limit  in  kilograms  was  750 
to  625  kg.  in  the  case  of  the  tungsten  and  carbon  steel  bars,  but 
if  quenched  at  740  deg.  Cent.  (1364  deg  Fahr.),  the  elastic 
limits  were  3400  to  3500  kg.,  while  at  760  deg.  Cent.  (1400  deg. 
Fahr.),  the  maximum  of  4550  kg.  was  obtained.  After  this  the 
elastic  limit  fell  off. 

The  same  bars  in  other  test  were  shown  to  have  decreased 
in  length  up  to  860  deg.  Cent,  and  then  increased  from  that 
point  up  to  940  deg.  Cent. 

The  following  tables  show  the  remarkable  changes  in  tensile 
strength  which  resulted  from  quenching  at  slightly  different 
temperatures : 

Bar  quenched  at  722° C.  (1322°F.)  yielded  at  550  kg. 

Bar  quenched  at  730°C.  (1347°F.)  yielded  at  1000  kg. 

Bar  quenched  at  734°C.  (1354°F.)  yielded  at  3600  kg. 

Bar  quenched  at  737°C.  (1339°F.)  yielded  at  5900  kg. 

Enormous  changes  in  structure  have  taken  place  within  a 
few  degrees  rise  of  temperature,  the  entire  range  being  only  27 
deg.  Fahr.  These  were  the  low  tungsten  steels,  but  the  carbon 
steels  behaved  as  strikingly,  increasing  from  500  to  4200  kg.  be¬ 
tween  1342  and  1354  deg.  Fahr. 

Hardness  by  the  Brinell  test  in  the  case  of  the  low  tungsteu 
bars  rose  as  follows: 


Hardness 

728°C. 

(1342°F.) 

236 

732°C. 

(1350°F.) 

400 

733°C. 

(1352°F.) 

580 

734°C. 

(1354°F.)  above 

600 

At  one  point  an  increase  of  temperature  of  only  1.25  deg. 
Cent,  raised  the  Brinell  figure  by  180  points.  The  sudden  tran¬ 
sition  from  soft  to  hard  was  quite  as  striking  as  in  the  case  of 
the  carbon  steel  bars. 

It  is  my  opinion  that  the  close  study  of  heat  treatment  of 
steel  will  become  increasingly  important  in  the  Pittsburgh  dis¬ 
trict,  and  that  the  fine  steels  which  will  result  will  give  to  the 
product  of  Pittsburgh  a  reputation  higher  than  it  now  has  for 
steel  products  in  general. 
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PYROMETRY 

In  developing  the  remarkable  properties  of  tenacity  and 
elasticity  of  steel  to  the  highest  degree,  it  is  necessary  to  have 
perfectly  accurate  instruments  for  measuring  furnace  tempera¬ 
tures.  We  have  for  the  range  between  200  and  2900  deg.  Fahr., 
or  between  100  and  1600  deg.  Cent.,  an  excellent  instrument  in 
the  Le  Chatelier  pyrometer.  For  the  higher  ranges,  however,  a 
radiation  or  an  optical  pyrometer  is  necessary.  Such  an  in¬ 
strument  is  on  exhibition  here  tonight  and  can  be  seen  by  those 
who  are  interested.  This  instrument  is  commending  itself  to 
steel  manufacturers.  Its  working  is  not  confined  to  the  higher 
range,  and  it  is  being  made  so  that  the  relation  between  black 
body  temperatures  and  actual  temperature  will  be  readily  under¬ 
stood. 

METALLOGRAPHY 

The  use  of  the  microscope  in  studying  the  structure  of 
steel  is  becoming  more  important  as  the  requirements  for  steel 
become  more  exacting.  Heat  treatment  has  to  be  closely  con¬ 
trolled  by  metallographic  methods,  if  the  desired  structure  is 
to  be  obtained  with  certainty.  A  few  photographs  are  shown 
to  illustrate  the  relation  between  the  structures  of  steels  which 
have  been  subjected  to  various  treatments.  The  effect  of  over¬ 
heating  is  to  render  the  grain  very  coarse.  Tempering  and  an¬ 
nealing  both  produce  an  effect  readily  recognizable  for  each 
type  of  steel. 

The  causes  of  failure  of  steel  can  rarely  be  searched  out  with 
certainty  without  the  aid  of  metallographic  methods. 

CIVIL  ENGINEERING 

This  is  the  oldest  field  of  engineering  effort  and  our  civil 
engineers  are  doing  constantly  greater  and  greater  things,  dig¬ 
ging  the  greatest  of  all  canals  under  the  most  difficult  circum¬ 
stances,  building  great  aqueducts,  and  constructing  higher  and 
stronger  dams  than  were  ever  before  built. 

PROGRESS  ON  THE  PANAMA  CANAL 

Although  we  are  not  to  have  the  pleasure  of  hearing  from 
the  great  Director  of  this  work,  himself,  in  the  near  future,  it 
is  well  known  how  steadily  and  effectively  the  great  work  is 
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being  done.  Many  of  our  members  have  visited  the  site  during 
the  progress  of  the  work  and  have  told  us  of  the  remarkable 
progress  which  has  been  made.  Colonel  Goethals  and  his  work¬ 
ing  force  have  not  been  dismayed  for  a  moment  by  the  enormous 
slides  in  the  Culebra  cut,  the  bulging  of  the  slopes  at  Gatun 
dam,  nor  the  threatened  settlement  of  the  guide  walls  of  the 
lock.  Each  crisis  has  been  met  and  mastered.  The  date,  June 
30th,  1913,  has  been  set  as  a  safe  estimate  for  the  time  of  com¬ 
pleting  the  Culebra  Cut  and  for  various  other  important  feat¬ 
ures  of  the  work.  Everything  promises  fair  for  the  sending  of 
the  first  ship  through  the  canal  as  an  experiment  this  Fall  and 
the  official  opening  of  the  completed  canal  on  January  1st,  1915. 

Many  of  the  interesting  engineering  features,  including  the 
hydroelectric  power  plant  adjacent  to  the  Gatun  dam,  the  sys¬ 
tem  of  light  houses,  and  buoys,  etc.,  are  described  in  the  annual 
report  of  the  Isthmian  Canal  Commission  for  the  year  ending 
June  30th,  1912. 

OTHER  LARGE  WATER  WAY  IMPROVEMENTS 

Great  progress  has  been  made  on  the  New  York  State  barge 
canal  which  will  accommodate  barges  carrying  1000  tons ;  it  is 
to  be  completed  in  1915. 

The  Welland  canal  in  Canada  is  being  enlarged  and  other¬ 
wise  improved.  Twenty-two  locks  are  being  replaced  by  seven. 

The  Cape  Cod  canal  is  expected  to  be  complete  and  to  be 
opened  by  the  Spring  of  1914  at  latest.  This  waterway  will 
provide  a  25  foot  depth  from  Barnstable  Bay  to  the  30  foot 
depth  of  Buzzards  Bay,  n  distance  of  12.5  miles.  This  canal, 
while  not  of  great  magnitude,  is  really  of  great  importance,  and 
doubtless  will  be  the  means  of  saving  many  lives  and  much 
property,  as  the  passage  around  Cape  Cod  is  a  dangerous  one. 

THE  CATSKILL  AQUEDUCT 

This  great  engineering  project  is  now  well  under  way.  It 
is  to  provide  New  York  with  a  supply  of  500  000  000  gallons  of 
water  daily  from  the  foot-hills  of  the  Catskill  mountains.  The 
aqueduct  starts  at  Ashokan  reservoir  which  will  hold  130  000- 
000  000  gallons,  enough  water  to  cover  Manhattan  to  a  depth  of 
28  feet.  The  reservoir  will  have  the  largest  dam  in  the  world, 
containing  over  1  000  000  yards  of  masonry.  The  total  estimated 
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cost  of  the  aqueduct  is  $177  000  000.  It  will,  for  the  greater 
part,  be  17  ft.  by  17  ft.  6  in.  wide,  constructed  of  concrete. 

Steel  pipe  siphons  are  used  in  valleys  where  the  rock  is  not 
sound.  They  are  nine  to  eleven  feet  in  diameter,  and  will  be 
lined  with  two  inches  of  cement  mortar,  and  embedded  in  con¬ 
crete. 

OTHER  LARGE  WATER  SUPPLY  IMPROVEMENTS 

In  addition  to  the  Catskill  water  supply  for  New  York  City, 
mention  may  be  made  of  the  Los  Angeles  Aqueduct  through 
which  water  will  be  supplied  to  that  city  from  the  Sierra  Moun¬ 
tains  240  miles  distant.  The  work  will  include  47  miles  of 
tunnel  and  9  1-3  miles  of  inverted  steel  siphons,  some  of  which 
are  10  feet  in  diameter.  The  power  of  the  water  flowing 'through 
the  aqueduct  is  to  be  fully  utilized. 

The  great  Canadian  cities  of  Toronto  and  Montreal  are  in¬ 
stalling  water  filtration  works  which  will  doubtless  safe-guard 
the  health  of  the  people  of  those  cities  to  a  degree  which  has  not 
heretofore  been  done. 


THE  KEOKUK  DAM 

Work  has  progressed  steadily  on  the  great  engineering  task 
of  damming  the  Mississippi  river  at  Keokuk,  Iowa.  The  dam 
will  be  about  one  mile  in  length,  and  forms  a  part  of  the  hydro¬ 
electric  plant,  of  which  the  first  installation  of  generators  will 
furnish  some  250  000  h.p.  This  power  will  be  taken  to  St.  Louis 
and  elsewhere.  The  power  house  will  be  extended  from  time  to 
time  as  the  commercial  demand  increases,  about  1  000  000  h.p. 
being  available. 

OTHER  WATER  STORAGE  AND  POWER  DEVELOPMENTS 

Besides  the  Keokuk  Dam,  which  is  a  large,  low  head  water 
power,  there  are  a  number  of  installations  progressing  in  the 
Western  United  States.  The  Shoshone  dam  on  the  Shoshone 
river,  east  of  Yellowstone  Park,  Wyoming,  is  the  highest  dam 
in  the  world,  being  327  ft.  It  is  used  for  the  storage  of  flood 
waters  rather  than  for  powTer  purposes,  however.  The  United 
States  Reclamation  Service  is  building  at  Arrow  Rock,  20  miles 
above  Boise,  Idaho,  what  will  be  the  highest  dam  in  the  world. 
It  will  be  351  ft.  high  by  1000  ft.  long.  It  will  hold  back  water 
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to  irrigate  250  000  acres  of  desert  land.  About  five  years  will 
be  required  to  complete  it. 

About  6  000  000  h.p.  have  been  now  developed  in  this  coun¬ 
try  by  water  and  several  million  more  could  be  developed. 
Seven  hydroelectric  plants  are  under  construction  which  it  is 
estimated  will  generate  138  000  h.p. 

In  Norway  430  000  existing  horse  powTer  is  to  be  increased 
by  500  000  additional  horse  power  development,  this  growth 
being  largely  due  to  demands  from  electrochemical  industries. 

ELECTRICAL  ENGINEERING 

The  electrical  engineer’s  field  is  no  longer  a  well  defined 
one.  His  work  extends  into  all  of  the  industrial  fields  but  we 
may  still  discuss  as  his  particular  product,  the  developments  in 
the  field  of  electrical  illumination,  in  telephony  and  in  wireless 
telegraphy.  A  discussion  of  the  electric  locomotive  will  be  taken 
up  under  Railroad  Engineering.  Mention  should  also  be  made 
of  the  electrical  engineering  work  involved  in  the  long  distance 
power  transmission  projects,  many  of  which  have  been  fully 
realized,  and  others  are  in  process  of  evolution.  In  our  own 
district  we  especially  notice  the  increasing  use  of  electric  motors 
in  our  rolling  mills  for  direct  drive. 

We  also  utilize  the  electric  arc  for  the  welding  and  cutting 
of  metals  in  our  shops,  although  it  has  a  strong  competitor  in 
oxy-acetylene. 

ELECTRIC  LIGHTING 

Efficiency :  In  1888,  small  dynamos  showed  an  output  in 
the  form  of  electric  energy  equal  to  70  percent  of  the  mechanical 
input.  To-day,  machines  of  this  size  operate  at  85  percent  effi¬ 
ciency,  while  larger  units  give  95,  or  even  97  percent. 

In  1888,  the  largest  electric  generators  were  of  100  h.  p. 
capacity,  now  we  are  beginning  to  install  25  000  Ji.p.  units.  As 
regards  compactness,  in  one  case  15  000  kw.  units  occupy  less 
than  half  the  room  occupied  by  the  original  3500  kw.  units 
which  they  replaced.  This  means  eight  times  the  capacity  on 
the  same  floor  space.  In  another  case  a  2000  h.p.  plant  is  being 
replaced  by  one  to  have  a  capacity  of  130  000  h.p.  and  the  space 
occupied  was  in  the  former  case  4.5  sq.  ft,  per  h.p.  while  in  the 
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new  plant  0.5  sq.  ft.  per  h.p.  only  will  be  required.  The  first 
plant  represented  an  investment  of  $225  per  h.p.  and  the  new 
one  $45.  Boilers  of  600  h.p.  are  in  general  use.  Superheaters, 
stokers,  ash  and  coal  handling  machinery  have  all  helped  to 
reduce  the  cost  of  steam  production. 

Steam  turbines  have  made  revolutions  in  power  plant  prac¬ 
tice,  especially  the  low  pressure  turbines,  which  in  combination 
with  the  best  types  of  steam  engines  give  an  exceedingly  high 
efficiency,  so  that  the  gas  engine  supremacy  is  in  danger. 

Fuel  Consumption :  While  formerly  ten  or  more  pounds 
of  coal  were  required  to  produce  one  kilowatt  hour,  it  now  re¬ 
quires  only  three  pounds  in  a  modern  station  and  in  some  cases, 
even  less.  This  means  that  only  30  percent  as  much  coal  is  now 
required  per  unit  of  electricity  produced  as  was  required  20 
years  ago. 

In  1911,  an  electric  light  plant  of  95  000  kw.  capacity  would 
have  cost  approximately  $1  250  000  and  under  ordinary  condi¬ 
tions  would  earn  $312  000 ;  operating  expenses,  taxes,  and  de¬ 
preciation  would  be  65  percent,  leaving  $109  000  for  interest  on 
investment. 

Long  distance  transmission  of  electricity  as  alternating  cur¬ 
rent  has  made  great  economies  possible.  Direct  current  cannot 
be  distributed  economically  more  than  a  mile  at  most. 

Los  Angeles  is  lighted  by  electric  power  brought  200  miles. 
Seattle  operates  street  cars  and  other  public  utilities  by  power 
brought  from  Mt.  Rainier.  Niagara  power  reaches  Syracuse 
and  Rochester,  and  corresponds  to  a  saving  of  two  and  a  half 
million  tons  of  coal. 

Efficiency  of  Lamps :  The  arc  lamps  of  today  are  100  per¬ 
cent  more  efficient  than  those  of  a  few  years  ago.  Incandescent 
lamps  first  consumed  six  watts  of  energy  per  candle  power. 
This  was  soon  reduced  to  three  watts,  but  it  was  a  long  time 
before  the  evolution  of  the  Tungsten  lamp,  which  consumes 
only  one  watt  per  candle,  and  a  lamp  is  in  process  of  develop¬ 
ment  which  is  expected  to  consume  only  one-half  watt  per 
candle. 

Illuminating  Engineering :  This  has  become*  a  distinct 
branch  of  the  engineering  profession.  A  National  Society  was 
formed  in  1906,  and  a  branch  exists  in  Pittsburgh.  These  En- 
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gineers  concern  themselves  with  efficient  lighting  problems,  and 
have  intimate  knowledge  of  costs  and  means  of  producing  light 
and  of  distributing  it.  Certain  classes  of  work  in  shops  require 
a  certain  type  of  light,  and  other  classes  quite  different  types. 

The  most  important  recent  developments  in  the  field  of 
electric  lighting  have  been  the  developments  of  the  Tungsten 
light  which  has  been  much  improved  since  it  was  first  brought 
out.  The  mercury  arc  with  quartz  tube  substituted  for  glass  is 
operated  at  a  higher  temperature  and  gives  some  red  rays  which 
increase  its  illuminating  power.  The  future  developments  in 
illumination  it  is  believed  will  be  along  the  line  of  the  use  of 
other  incandescent  gases  beside  mercury  vapor,  possibly  carbon 
monoxide  or  nitrogen  may  be  used  in  vacuum  tubes. 

Mention  may  be  made  of  the  flaming  arc  and  other  modi¬ 
fications  of  the  carbon  arc  lamp.  Various  materials  have  been 
combined  with  carbon  for  use  as  electrodes.  Calcium  fluoride 
increases  the  efficiency  of  carbons.  Zinc  and  lanthanum  are  the 

only  metals  the  oxides  of  which  give  in  carbons  a  white  light; 

♦ 

cerium  oxide  gives  a  blue,  titanium  a  blue  violet. 

'When  the  subject  of  lighting  is  closely  examined  on  the 
basis  of  percentage  which  the  light  rays  form  of  the  total  radia¬ 
tion,  it  is  seen  that  even  acetylene  is  a  very  inefficient  light,  as 
only  5.5  percent  are  light  rays.  The  carbon  arcs  give  from 
eight  to  thirteen  percent,  while  the  ordinary  electric  incandes¬ 
cent  gives  only  six  percent. 

From  the  point  of  view  of  efficiency  when  output  of  light 
is  compared  with  energy  supplied,  the  osmium  lamp  is  most 
efficient.  The  incandescent  gas  mantle  is  very  inefficient,  the 
ratio  being  approximately  two  percent  of  the  efficiency  of  the 
osmium  lamp.  The  incandescent  carbon  filament  is  about  one- 
half  as  efficient  as  the  osmium  lamp. 

WIRELESS  TELEGRAPHY 

The  most  prominent  event  in  the  field  of  wireless  telegraphy 
has  been  the  completion  of  the  naval  station  at  Arlington.  This 
has  600  foot  antennae  and  it  is  expected  that  messages  will  be 
sent  3000  miles  without  relay  to  San  Francisco,  Panama  and 
Europe. 

The  names  of  Fessenden  and  Kintner,  two  members  of  this 
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Society,  are  prominently  connected  with  the  system  adopted  by 
the  U.  S.  Navy. 

In  Germany,  at  Nauen,  a  tower,  970  ft.  high,  is  being  erect¬ 
ed,  which  is  expected  to  have  a  radius  of  6000  miles.  In  France, 
a  system  of  wireless  telegraphy  without  sparks  has  been  de¬ 
veloped,  giving  wave  lengths  about  ten  times  greater  than  has 
heretofore  been  possible  without  antennae  of  the  sheet  type. 

As  a  sequence  of  the  Titanic  disaster  in  April,  no  amateur 
is  allowed  to  operate  a  transmitting  instrument  of  power  suffi¬ 
cient  to  reach  beyond  the  border  of  his  state,  without  obtaining 
a  government  license.  Constant  attendance  upon  wireless  tele¬ 
graphic  apparatus  on  board  ship  is  made  certain.  Trans-At¬ 
lantic  wireless  telegraphy  is  now  on  a  reliable  commercial  basis. 
In  warfare  or  preparation  for  the  same,  some  progress  has  been 
made  in  the  wireless  control  of  torpedoes. 

TELEPHONY 

Not  since  the  original  work  of  Bell  has  any  single  inven¬ 
tion  contributed  so  much  to  the  transmission  of  articulate  speech, 
as  the  invention  of  the  “ Loading  Coil”  by  Dr.  Pupin  of  Colum¬ 
bia  University.  While  the  theoretical  side  of  this  invention  was 
expounded  several  years  ago,  it  is  only  within  the  past  five  years 
that  it  has  been  reduced  to  practical  formulae  and  applied  by 
the  engineers  of  the  telephone  company  to  push  forward  the 
“Long  Distance  Frontier  of  Telephony”,  at  the  same  time  pro¬ 
ducing  large  economic  savings.  In  the  electrical  transmission 
of  speech  over  open  wires  or  cable  lines,  the  high  frequency  tele¬ 
phone  currents  are  rapidly  attenuated  and  distorted,  because 
of  the  disturbed  static  capacity  of  the  long  lines.  The  coils  of 
Dr.  Pupin  are  inserted  in  the  telephone  wires  at  distances  apart 
depending  on  a  function  of  the  wave  lengths  of  the  circuit,  so 
that  they  compensate  for  the  capacity  of  the  line  and  with  the 
same  size  wire  increase  the  talking  range  of  the  circuit  in  miles 
from  three  to  four  times. 

The  year  1912  saw  a  general  application  of  these  coils  to 
long  telephone  lines,  the  two  most  notable  achievements  being: 

First :  The  loading  of  the  New  York-Denver  circuits  which 
made  possible  commercial  telephone  conversation  between  these 
places  nearly  2000  miles  apart.  (England  also  talks  to  Swit¬ 
zerland.) 
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Second:  The  placing  and  loading  of  the  underground  tele¬ 
phone  cable  between  Boston,  New  York  and  Washington.  In 
order  to  protect  the  five  great  cities  of  the  Atlantic  seaboard 
from  storm  wire  interruption,  and  in  particular  to  maintain 
uninterrupted  wire  service  into  the  nation’s  capitol,  the  telephone 
companies  built  an  underground  conduit  from  Boston,  through 
New  York,  Philadelphia,  and  Baltimore  to  Washington.  Tele¬ 
phone  circuits  in  underground  cables  normally  are  much  less 
efficient  than  overhead  open  wires,  and  without  Dr.  Pupin’s 
invention  a  telephone  talk  through  this  conduit  would  be  im¬ 
possible.  Thanks  to  his  work  and  improved  cable  manufacture, 
the  three  hundred  circuits  through  this  conduit  are  in  daily  use, 
and  furnish  high  grade  talking  transmission.  A  peculiar  feature 
of  the  Boston-New  York-Washington  underground  cables  is  that 
each  pair  of  wires  in  addition  to  being  twisted  together,  as  in 
ordinary  cables,  are  twisted  with  another  pair,  so  as  to  produce 
what  is  called  a  ‘‘phantom”  telephone  circuit.  Also  by  suit¬ 
able  apparatus  each  wire  can  be  used  as  a  polar  duplex  tele¬ 
graph  circuit. 

Hence  the  remarkable  result  that  over  two  of  these  circuits, 
there  can  be  simultaneously  transmitted  without  interference 
three  telephone  conversations  and  sixteen  telegraph  messages. 
(The  writer  is  indebted  to  Mr.  S.  P.  Grace,  your  president-elect, 
for  the  notes  concerning  developments  in  telephony.) 

MECHANICAL  ENGINEERING 

In  the  field  of  mechanical  engineering,  while  things  are 
being  done,  as  they  are  in  other  engineering  fields,  on  a  con¬ 
stantly  increasing  scale  by  the  use  of  larger  and  larger  units, 
there  has  been  no  more  important  recent  advance  than  in  the 
development  of  the  gasoline  engine  to  its  present  high  efficiency. 
The  automobile  is  not  only  a  pleasure  car  but  the  automobile 
truck  is  a  means  of  increasing  the  efficiency  of  commerce  and 
the  comfort  of  the  human  race  because  of  the  efficiency  with 
which  it  does  the  work  formerly  done  by  horses.  Next  in  im¬ 
portance  to  the  gasoline  engine  has  been  the  development  of  the 
steam  turbine  and  the  oil  engine.  The  steam  turbine  has  made 
possible  the  saving  of  great  quantities  of  energy  existing  in  ex¬ 
haust  steam  and  the  oil  engine  seems  likely  to  replace  steam 
boilers  and  engines  on  many  types  of  steamships. 
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LARGE  POWER  UNITS 

Generating  units  of  larger  size  than  previously  attempted 
are  being  built.  Turbo-generators  of  19  000  K.V.A.,  1875  r.p.m. 
are  being  built  for  the  United  Electric  Light  &  Power  Company, 
New  York  City,  and  21  000  K.Y.A.,  1500  r.p.m.  for  the  Brook¬ 
lyn  Rapid  Transit  Co.  For  the  Commonwealth  Edison  Co., 
Chicago,  turbo-generators  of  20  000  kw.,  750  r.p.m.  are  being 
built;  this  capacity  indicates  an  advance  of  about  40  percent 
above  the  previous  maximum  ratings.  Correspondingly  large 
steam  turbines  are  required  to  drive  these  generators. 

EXHAUST  STEAM  TURBINES 

In  1894  Sir  Charles  Parsons  showed  that  by  the  use  of 
steam  turbines,  exhaust  steam  could  be  used  to  produce  power 
economically.  In  1891  Rateau  discovered  means  of  using  ex¬ 
haust  steam  from  engines,  run  intermittently.  The  development 
of  exhaust  and  mixed  pressure  turbines  on  land  alone  has  re¬ 
sulted  in  the  generation  of  2  000  000  h.p.  of  electric  energy  which 
had  been  previously  wasted. 

OIL  ENGINES  AND  OIL  FIRED  BOILERS 

Diesel  engine  driven  liners  have  been  put  into  service  by 
the  Hamburg- American  Line.  The  “  Christian  X”,  375  feet 
long  by  53  feet  beam,  9800  tons  displacement,  has  made  several 
trips  across  the  ocean  absolutely  without  the  aid  of  steam  en¬ 
gines,  boilers,  furnace,  coal  bunkers,  or  smoke  stacks.  The  fuel 
oil  is  carried  in  double  bottom  tank  compartments  holding  1000 
tons.  The  exhaust  fumes  are  discharged  through  a  hollow  mast. 
The  crew  of  eight  takes  the  place  of  25. 

In  the  navy,  oil  fuel  has  proved  such  a  success  that  it  will 
probably  be  used  exclusively  in  future  war-ships.  The  new 
battleships,  “Nevada”  and  “Oklahoma”,  of  27  500  tons  dis¬ 
placement  will  be  fired  exclusively  with  oil.  The  oil  burning 
destroyers  are  able  to  run  at  high  speed  with  perfectly  clean 
smoke  stacks.  On  the  battleships  fewer  stacks  are  required. 
There  will  be  no  smoke.  Oil  will  be  carried  in  the  double  bot¬ 
tom  and  fewer  men  will  be  required  to  operate. 

DEVELOPMENT  OF  GASOLINE  ENGINES 

The  development  of  the  gasoline  engine  to  a  high  degree 
of  efficiency  has  made  possible  the  extraordinary  development 
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in  the  manufacture  and  use  of  automobiles.  It  has  been  esti- 
mated  that  the  use  of  motor  vehicles  has  been  equivalent  to 
doubling  the  width  of  the  streets  of  London,  because  the  traffic 
moves  twice  as  fast.  Only  four  years  ago  the  relative  economy 
of  auto  wagons  and  trucks  compared  with  horse  drawn  vehicles, 
showed  in  many  cases  an  economy  in  favor  of  the  latter,  but  now, 
even  bricks,  coal,  hot  asphalt,  and  the  ordinary  freight  are  being 
transported  by  auto  trucks. 

As  regards  gasoline  engines,  however,  the  improvements 
have  consisted  in  better  methods  of  mixing,  introducing,  and 
firing  the  charge.  Cylinders  and  valves  were  designed  to  give 
more  power.  Ball  bearings  and  gears  of  a  perfection,  previous¬ 
ly'  unknown,  were  introduced  to  minimize  friction.  In  the  last 
few  years,  the  most  notable  changes  have  been  improvements 
in  material  and  processes  of  manufacture  tending  toward  an  im¬ 
proved  and  simpler  machine.  In  two  points,  at  least,  the  gasoline 
engine  has  reached  a  fair  degree  of  perfection.  It  has  been  made 
to  develop  greater  power  per  unit  of  weight  than  any  other 
form  of  prime  mover;  in  reliability  it  has  been  advanced  to  the 
stage  which  warrants  its  use,  even  for  such  exacting  service  as 
propelling  a  life  boat,  or  driving  a  fire  engine.  In  aeroplane 
service,  it  has  shown  itself  on  the  whole  very  trustworthy,  and 
has  operated  successfully  at  many  angles  and  in  atmospheres 
of  different  density  and  widely  different  temperatures. 

The  efficiency  of  automobile  engines  of  the  same  size  varies 
very  much,  and  is  chiefly  influenced  by  the  quality  and  quantity 
of  explosive  mixture,  the  amount  of  compression,  the  time  and 
rapidity  of  ignition,  and  the  timing  and  size  of  the  valves.  Im¬ 
proved  indicators  are  necessary  for  use  up  to  1500  to  2000  revo¬ 
lutions  per  minute.  None  which  are  satisfactory  now  exist. 
When  improved  apparatus  is  devised,  the  gas  engine  will  be 
more  closely  studied,  and  no  doubt  much  further  improved. 

SELF-PROPELLED  VEHICLES 

After  the  invention  of  wheeled  vehicles  some  4000  vears 

.  * 

ago,  there  was  very  little  improvement  in  methods  of  highway 
transportation  until  the  advent  of  the  automobile  ten  years 
ago.  For  some  time  after  the  automobile  was  invented  it  did 
not  make  any  serious  inroads  into  the  field  covered  by  horse- 
drawn  vehicles,  but  within  the  last  three  years,  automobile 
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trucks  have  rapidly  replaced  the  horse-drawn  vehicles.  The 
excessive  cost  of  distribution  of  material  to  the  ultimate  con¬ 
sumer  is  a  large  factor  in  the  price  which  he  finally  pays  for 
the  article.  Manual  labor  in  handling  and  the  use  of  horse 
vehicles  makes  delivery  very  expensive.  Our  streets  are  more 
congested  than  they  need  be  because  it  takes  more  horse  ve¬ 
hicles  than  motor  trucks  to  do  the  same  work  and  because  they 
move  more  slowly. 

By  means  of  the  power  winch  driven  by  the  engine  of  a 
motor  truck,  heavy  freight  is  quickly  loaded  and  unloaded  with¬ 
out  manual  labor  of  any  consequence.  Trucks  are  also  made 
with  a  variety  of  devices  for  quick  discharge  as  well  as  quick 
loading.  Trucks  are  made  which  discharge  paving  brick  sim¬ 
ultaneously  on  both  sides.  Coal  delivery  trucks  are  made  with 
bodies  which  may  be  quickly  elevated  and  the  discharge  made 
either  from  the  side  or  end.  Lumber  is  loaded  on  frames  by 
means  of  a  crane  and  placed  all  at  once  on  the  motor  truck, 
thus  avoiding  delay.  Trucks  with  power  winches  are  used  not 
only  for  delivery  of  heavy  safes,  but  also  for  hoisting  them. 

Specialists,  who  give  attention  to  the  matters  of  economic 
transportation  of  materials,  are  now  known  as  transportation 
engineers.  They  recognize  that  in  a  number  of  peculiar  cases 
a  motor  truck  is  not  economical  as  compared  with  horse  equip¬ 
ment.  In  many  instances  the  electric-driven  auto  truck  should 
be  used  but  in  most  instances  the  gasoline  truck  is  much  the 
.superior  kind  of  vehicle.  The  general  conditions  under  which 
motor  trucks  are  economical  are  the  following : 

First :  Trucks  must  be  kept  in  practically  constant  use. 

Second:  They  must  be  loaded  to  full  capacity  when  in  service. 

Third:  Loading  and  unloading  must  require  but  a  small  pro¬ 
portion  of  the  time  in  service. 

Fourth:  The  truck  must  not  be  overloaded. 

Fifth:  Normal  speed  of  operation  is  best. 

Sixth :  Adjustment  and  repairs  should  be  done  by  competent 
workmen. 

Seventh  :  The  driver  must  be  well  qualified  for  his  work. 

_  • 

The  motor  truck  is  of  great  assistance  to  railroad  compan¬ 
ies  with  crowded  terminals  as  the  goods  are  more  quickly  re¬ 
moved  by  consignee. 

It  is  quite  probable  that  the  “short  haul”  freight  of  the 
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country  will  be  handled  by  companies  using  motor  trucks.  Rail¬ 
way  companies  prefer  to  use  their  terminals  for  “long  haul” 
freight  which  pays  them  a  higher  rate. 

There  are  50  000  motor  trucks  in  the  United  States.  The 
increase  in  one  year  in  Massachusetts  was  62  percent,  in  Wash¬ 
ington  100  percent,  in  Los  Angeles  1700  percent,  in  Chicago  120 
percent. 

Conservation  of  agricultural  resources  in  any  country  will 
be  greatly  assisted  by  the  replacement  of  horses  by  motors. 
Statistics  of  the  Department  of  Agriculture  for  1910  show  that 
an  average  of  five  acres  of  land  is  required  in  the  United  States 
to  support  one  horse.  These  five  acres  of  soil,  by  means  of 
scientific  farming  can  be  made  to  supply  food  for  15  persons.  It 
is  estimated  that  there  are  25  000  000  horses  in  the  United 
States.  The  annual  valuation  of  the  grain  and  forage  crops  in 
the  United  States  is  $3  000  000  000,  of  which  nearly  50  percent 
is  consumed  by  an  animal  which  is  not  available  for  consump¬ 
tion  as  food  and  can  work  with  only  a  fractional  part  of  the 
efficiency  of  mechanical  devices  which  utilize  mineral  products 
for  their  operation. 

Without  forgetting  the  benefit  which  the  horse  has  been 
to  man,  the  replacement  of  the  horse  by  the  motor  will  be  of 
more  far  reaching  benefit  to  civilization  than  any  mechanical 
institution  which  the  20th  century  has  so  far  given  us. 

The  mechanical  perfection  of  good  automobiles  is  shown  by 
the  following  record : 

Sworn  records  of  50  cars  operated  from  1908  to  1911 — 

744  426  miles,  or  1990  miles  per  month,  each. 

28  cars,  no  repairs. 

Average  repairs,  22.8^  per  1000  miles. 

AVIATION 

In  1903  the  Wright  brothers  made  their  first  flight  in  a 
heavier-than-air  flying  machine  propelled  by  a  motor.  Two 
years  later  they  made  a  flight  of  eleven  miles  in  18  minutes. 
In  1908  Bleriot  flew  over  the  English  Channel.  It  is  now  only 
1913  and  flying  is  so  common  an  accomplishment  that  we  no 
longer  go  out  of  our  way  to  see  an  aeroplane.  The  French  War 
Department  has  a  well  organized  aeronautic  section  connected 


54  PROCEEDINGS  ENGINEERS '  SOCIETY  WESTERN  PENNA. 

with  the  army.  Each  division  consists  of  eight  aeroplanes  and 
14  motor  cars.  There  are  two  monoplanes  with  single  seats, 
for  fast  superficial  observation  and  delivery  of  orders.  There 
are  two  biplanes  with  double  seats;  there  are  aeroplanes  with 
two  and  three  seats.  Each  division  has  seven  pilots  and  50  non¬ 
commissioned  officers  and  men.  The  commanding  general  has 
directly  under  his  orders  a  number  of  especially  fast  and  pow¬ 
erful  machines,  capable  of  carrying  two  observers  each  in  ad¬ 
dition  to  the  pilots,  for  emergency  work.  At  the  beginning  of 
1912  France  could  mobilize  200  aeroplanes  and  was  adding  134 
machines  during  the  year,  making  the  total  value  of  machines 
in  service  $1  600  000.  The  average  life  of  an  aeroplane  is 
fixed  at  two  years  and  the  operating  cost  $600  annually.  France 
pays  special  attention  to  inventions  designed  to  drop  explosives 
from  soaring  aeroplanes  upon  moving  trains,  upon  bridges, 
powder  magazines,  etc.,  evidently  expecting,  if  attacked  by 
Germany,  to  seriously  cripple  any  advance  by  movements  of 
aeroplanes  near  the  frontier.  Military  aviators  do  not  believe 
that  machine  guns  on  aeroplanes  will  be  of  material  value  but 
that  victory  will  come  through  skill  in  operation  and  in  high 
speed. 

The  most  wonderful  mechanical  feature  in  the  development 
of  the  aeroplane  has  been  the  invention  of  gasoline  engines  of 
enormous  power  in  proportion  to  their  weight.  One  type  known 
as  the  Gnome  revolving  aeroplane  motor  is  a  14  cylinder  en¬ 
gine  weighing  only  220  lb.  and  rated  at  100  h.  p. 

Progress  is  being  made  in  improved  design  of  aeroplane 
wing  sections.  The  best  to  date  for  speed  appears  to  be  that  of 
the  Nieuport  monoplane,  which  made  about  68  miles  per  hour 
with  a  double  cylinder  motor  which  did  not  develop  over  25 
h.  p.,  while  a  Bleriot  monoplane  driven  by  a  14  cylinder  100 
li.  p.  motor  was  unable  to  make  any  higher  speed. 

It  is  believed  the  field  of  aerodynamics  contains  problems 
to  which  the  trained  engineer  may  well  devote  his  attention. 

SOURCES  OF  MECHANICAL  POWER 

In  Sir  William  Ramsey’s  address  before  the  British  As¬ 
sociation  for  the  Advancement  of  Science,  in  August.  1911,  the 
problem  of  future  sources  of  energy  for  power  production  was 
discussed.  Various  sources  were  considered. 
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First :  Winds  and  tides.  These  sources  were  dismissed 
as  relatively  small  in  amount  and  involving  the  use  of  large 
quantities  of  either  air  or  water  for  production  of  small  amounts 
of  power. 

Second :  Internal  heat  of  the  earth.  While  this  source  of 
heat  is  vast  in  extent,  no  practical  means  of  availing  ourselves 
of  it  seems  likely  to  be  devised.  The  Krakatoa  eruption  shook 
the  whole  earth  making  tidal  waves  travelling  both  ways  at  750 
miles  per  hour.  Earth  discharge  was  equivalent  to  that  of  the 
Mississippi  in  250  years.  Dust  in  the  air  after  one  year  equaled 
Washington  Monument  in  size,  (maximum). 

Third :  Solar  Heat.  This  is  great  in  amount  but  is  chiefly 
available  in  the  tropics  at  great  distances  from  points  where 
power  is  normally  used.  Furthermore,  chemistry  has  not  yet 
furnished  a  means  of  converting  the  energy  in  the  sun’s  rays 
into  a  form  which  may  be  cheaply  transported  to  the  point  re¬ 
quired. 

This  subject  was  discussed  by  Prof.  Ciamician  of  Italy,  be¬ 
fore  The  Eighth  International  Congress  of  Applied  Chemistry, 
in  September,  1912.  He  called  attention  to  the  limited  amount 
of  coal  still  available  and  to  the  fact  that  the  solar  energy  which 
is  daily  wasted  on  the  desert  of  Sahara,  which  is  6  000  000  square 
kilometers  in  extent,  was  equivalent  to  6  000  000  000  tons  of  coal, 
which  is  about  four  times  the  present  annual  production  of  coal 
in  the  world.  The  radiant  energy  of  the  sun  is  estimated  to  be 
about  12  000  h.  p.  for  every  square  foot  of  its  surface  (maxi¬ 
mum). 

The  portion  of  the  sun’s  energy  which  is  stored  up  in 
vegetation  annually  in  climates  where  vegetation  will  grow  is 
approximately  one  three-hundredth  of  the  total  solar  energy 
on  any  given  area.  By  intensive  methods  the  production  of  or¬ 
ganic  matter  on  the  earth’s  surface  may  be  increased  50  percent 
above  the  present  estimated  amount  of  32  000  000  000  tons  a 
year.  A  great  deal  may  be  accomplished  along  the  lines  of  more 
intelligent  and  more  intense  cultivation. 

Photochemistry  is  now  wrestling  with  the  problem  of 
chemical  changes  which  are  produced  by  the  action  of  light. 
It  is  probable  that  in  a  not  far  distant  future,  methods  will  be 
found  to  convert  solar  energy  in  tropical  desert  areas  by  photo- 
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chemical  means  into  transmissible  form.  So  far,  human  civiliza¬ 
tion  has  made  use  almost  exclusively  of  fossil  solar  energy.  Some 
day  it  will  make  better  use  of  radiant  solar  energy. 

Fourth :  Water  power.  The  water  power  developments 
of  the  world  are  already  on  a  very  large  scale  and  the  de¬ 
velopments  are  likely  to  be  still  greater  in  the  very  near  future. 
According  to  Prof.  Engler,  the  energy  produced  by  water  pow¬ 
er  during  one  year  (probably  1911)  was  equivalent  to  70  000  000 
000  tons  of  coal.  The  power  developed  in  Norway  and  Switzer¬ 
land  chiefly,  and  applied  to  chemical  and  metallurgical  indus¬ 
tries,  especially  those  dealing  with  the  manufacture  of  nitrogen 
.  compounds  from  the  air  and  the  manufacture  of  electric  pig 
iron,  amounts  to  over  1  000  000  horse  power.  The  developments 
in  our  Western  States  are  of  immense  extent. 

Fifth :  Power  derived  from  the  production  of  a  greater 
quantity  of  wood  by  extension  of  forest  areas.  Germany  and 
France  get  £6  000  000  net  annual  income  from  £2  200  000  an¬ 
nual  investment.  We  are  just  beginning  scientific  forestry  in 
the  United  States  and  the  power  derived  from  that  source  is  not 
likely  to  be  material  in  amount  for  a  long  period. 

Sixth :  Energy  derived  from  atomic  disintegration.  Enor¬ 
mous  energy  changes  have  been  shown  by  Soddy  to  be  involved 
in  the  disintegration  of  atoms  of  the  radium  group.  If  man 
ever  avails  himself  of  the  great  store  of  internal  energy  in  the 
atoms,  his  power  will  be  vastly  in  excess  of  what  it  is  today. 
Ramsey  calculates  that  the  energy  in  one  ton  of  radium,  if  lib¬ 
erated  during  30  years  instead  of  in  3  520  years,  which  is  the 
actual  rate  of  liberation,  would  be  equivalent  to  the  energy  in 
1  500  000  tons  of  coal.  This  energy  would  propel  at  15  knots 
per  hour  for  30  years  a  ship  of  15  000  tons  equipped  with 
15  000  h.  p.  engines. 

Such  speculations  are  interesting,  and  if,  as  Sir  William 
Ramsey  says,  some  form  of  catalyst  could  be  discovered  which 
would  usefully  increase  the  almost  inconceivably  slow  rate  of 
atomic  disintegration,  the  whole  future  of  the  race  would  be 
changed.  Catalysis,  that  is,  the  helpful  influence  of  a  sub¬ 
stance  in  bringing  about  chemical  change,  has  had  a  wonderful 
development  of  late  years,  but  it  is  likely  to  be  a  long  time 
before  the  proper  catalysts  are  found. 
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Seventh :  Earth  motion.  It  has  been  thought  that  possibly 
man  will  learn  to  utilize  the  energy  involved  in  the  rotation  of 
the  earth  upon  its  axis,  and  its  passage  around  the  sun,  but  such 
realizations  are  in  the  far  distant  future. 

MINING  ENGINEERING 

The  mining  industry  of  the  United  States  has  long  been  in¬ 
debted  to  the  U.  S.  Geological  Survey  for  pioneer  work  along 
the  line  of  economic  geology,  but  it  has  recently  increased  its 
field  of  usefulness  by  the  establishment  of  a  Bureau  of  Mines 
which  has  interested  itself  in  active  research  along  the  lines  of 
safer  and  more  economic  mining  and  metallurgical  methods.  At 
the  St.  Louis  and  Jamestown  Expositions  systematic  tests  of 
coals  from  various  parts  of  the  country  were  made,  with  the 
result  that  a  great  deal  of  valuable  information  concerning  the 
steam  raising  and  gas  making  properties  of  various  coals  was 
obtained.  It  wras  proved  that  by  the  use  of  the  gas.  engine, 
even  our  low  grade  coals  if  gasified  in  producers,  would  give 
far  higher  efficiency  than  if  burned  under  steam  boilers.  More 
recently  this  work  has  been  concentrated  at  Pittsburgh  and  ex¬ 
tended  to  cover  coal  mining  methods. 

Only  within  the  last  few  years,  since  this  laboratory  was 
established,  was  it  definitely  proved  that  coal  dust  would  ex¬ 
plode  under  normal  coal  mining  conditions. 

A  natural  sequence  of  this  discovery  was  the  effort  to  limit 
the  use  of  dangerous  explosives  which  would  cause  coal  dust 
to  ignite  and  to  substitute  safety  explosives. 

A  careful  study  has  been  made  of  methods  of  analyzing 
mine  air  so  that  the  minute  amounts  of  poisonous  gases  such  as 
carbon  monoxide  can  be  definitely  detected  and  determined. 

Conditions  under  which  mine  gases  explode  have  been 
closely  studied.  Means  of  rescuing  injured  men  after  mine 
explosions  have  been  studied,  and  men  from  various  mines  have 
been  trained  in  this  very  necessary  art,  in  which  quick  action 
is  necessary  if  real  aid  is  to  be  rendered.  No  doubt,  the  work 
done  by  the  Pittsburgh  Station  of  the  Bureau  of  Mines  has  al¬ 
ready  resulted  in  the  prevention  of  many  mine  explosions  and 
the  number  will  be  less  as  the  facts  controlling  explosive  condi¬ 
tions  become  better  known.  The  work  of  analyzing  coals  from 
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all  over  the  country  is  going  on  and  Government  lands  are  be¬ 
ing  classified  and  valued  on  the  basis  of  analyses  and  tests. 

Important  studies  are  being  made  of  the  conditions  under 
which  coal  heats  or  ignites  spontaneously  when  stored. 

An  important  object  lesson  for  Pittsburgh  coal  users  is 
being  constantly  exhibited  at  the  Bureau  of  Mines  in  the  form 
of  a  boiler  plant  fired  with  coal  and  yet  smokeless. 

Very  extensive  studies  are  being  made  of  petroleum.  Var¬ 
ious  types  of  natural  gas,  which  are  available,  are  being  studied ; 
a  point  of  special  interest  at  the  present  time  being  the  avail¬ 
ability  of  the  gases  for  gasoline  manufacture. 

The  Bureau  is  interesting  itself  in  economic  problems  in 
connection  with  all  of  the  mineral  industries  and  has  on  its 
staff  among  other  talented  men,  the  inventor  of  the  electrostatic 
process  of  precipitating  smelter  fumes  and  cement  works  dust, 
both  of  which  have  been  problems  of  the  greatest  importance. 

FUME  CONDENSATION 

At  present  the  problem  of  collecting  valuable  materials 
which  escape  in  furnace  gases  is  being  carefully  considered,  and 
the  Cottrell  system  which  was  so  successful  in  collecting  solid 
matter  from  the  gases  at  the  Balaklala  smeltery,  in  Trinity 
County,  California,  is  being  used  for  this  purpose.  At  the 
Balaklala  smeltery  about  75  percent  of  the  solid  matter  in  the 
shape  of  dust,  sulphuric  acid,  and  sulphur  trioxide  contained  in 
the  gases  was  collected  by  this  process.  Improvements  have  now 
been  made  in  the  design  of  the  condenser  and  it  is  stated  that 
considerably  over  90  percent  of  the  fine  dust  and  fume  in  furn¬ 
ace  gases  can  be  collected. 

At  the  Garfield  plant  of  the  American  Smelting  &  Refining 
Co.,  the  Cottrell  system  is  being  installed  to  recover  solid  mat¬ 
ter  in  the  shape  of  dust  and  fume  from  the  gases  coming  from 
the  copper  converters,  and  it  is  expected  that  the  value  of  the 
material  recovered  in  gold,  silver,  copper  and  lead  will  be  con¬ 
siderable. 

At  the  Raritan  Copper  Works,  an  experimental  installa¬ 
tion  of  the  Cottrell  system,  to  precipitate  solid  particles  from 
the  gases  in  the  flue  leading  from  the  silver  cupel  furnaces, 
gave  such  satisfactory  results  that  a  regular  plant  is  now  being 
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installed  to  collect  the  dust  and  fume  which  escape  in  these 
gases,  and  by  means  of  this  installation  a  more  satisfactory  re¬ 
covery  is  expected  than  by  the  old  system  of  flues  and  scrub¬ 
bers.  The  Cottrell  system  is  also  being  installed  at  the  Balbaeh 
Smelting  and  Refining  Plant,  at  Newark,  N.  J.  to  precipitate 
material  from  the  gases  coming  from  the  cupels,  in  exactly  the 
same  manner  as  the  installation  at  the  Raritan  Copper  Works, 
at  Perth  Amboy,  N.  J. 

RAILROAD  ENGINEERING 

In  the  field  of  Railroad  Engineering  great  changes  have 
taken  place,  both  in  the  Maintenance  of  Way  Department  and 
in  the  Operating  Department.  The  cost  of  many  operations  and 
of  the  equipment  has  increased,  but  on  the  other  hand  the 
efficiency  of  the  equipment  and  operation  have  also  increased. 
The  electric  locomotive  is  coming  to  the  aid  of  the  steam  loco¬ 
motive  and  in  many  ways  is  proving  more  efficient. 

RAILROAD  DEVELOPMENTS 

In  railroad  repair  and  construction  work  great  savings  of 
time  and  expense  have  been  made  by  the  use  of  high  speed 
tool  steel,  and  by  the  use  of  separate  motor  drives  for  the 
lathes,  drills,  etc.,  and  by  the  use  of  pneumatic  drills  and  rivet¬ 
ing  hammers;  for  example,  with  a  pneumatic  drill  a  hole  4.5 
inches  in  diameter  and  three  inches  deep  was  drilled  in  soft 
steel  in  one  minute  and  35  seconds,  while  a  man  with  a  hand 
drill  required  2  hours  and  10  minutes;  253  rivets  were  driven 
in  a  boiler  byr  pneumatic  hammer  in  9  hours  at  an  average  cost 
of  2$  per  rivet,  the  same  number  driven  by  hand  in  15  hours 
cost  6^  per  rivet.  From  actual  experience,  independent  motor 
drive  increases  the  output  of  machines  from  10  to  30  percent 
over  belt  drive. 

The  reductions  in  power  and  labor  costs  have  amounted 
to  50  percent  of  the  power  and  25  percent  of  the  labor. 

The  oxy-acetylene  and  oxy-hydrogen  process  of  cutting 
and  welding  metals  and  the  thermit  process  of  welding  have 
made  possible  repairs  to  locomotives,  machinery,  etc.  without  re¬ 
moval  of  the  parts,  thus  making  immense  savings  in  handling 
and  making  useful  machines  of  what  would  otherwise  have  been 
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scrap.  Labor  saving  devices  have  overcome  increased  cost  of 
labor  and  have  reduced  the  unit  cost  of  work. 

There  had  been  240  000  miles  of  railroad  built  up  to  1910. 
The  receipts  per  passenger  per  mile  were  1.87^  in  1910  against 
2^  in  1900  and  for  freight  7.58  mills  per  ton  per  mile  against 
7.29  mills  in  1900.  Employees  compensation  formed  63.4  per 
cent  of  the  operating  expenses  against  60  percent  in  1900. 

Handling  Baggage  and  Freight :  The  use  of  electric  trucks 
for  handling  baggage  and  freight  on  the  Jersey  City  piers  of 
the  Erie  Railroad  caused  a  saving  of  30  percent  in  cost. 

In  the  iron  ore  trade,  10  000  tons  of  ore  have  been  loaded 
on  boats  in  one  hour.  The  unloading  devices  are  now  so  efficient, 
that  instead  of  a  cost  of  15^  to  25^  per  ton,  it  is  only  between 
1^  and  2 ^  per  ton.  Grab  buckets  of  17  tons  capacity  are  used. 

STEAM  LOCOMOTIVES 

The  modern  steam  engine  has  attained  proportions  previous¬ 
ly  undreamed  of.  A  Pennsylvania  Railroad  locomotive  for  heavy 
fast  mountain  service  has  been  built  with  a  total  boiler  heating 
surface  of  6000  square  feet. 

The  same  company  builds  no  more  passenger  cars  of  wood, 
and  before  long  its  entire  equipment  will  be  of  steel. 

RAIL  BREAKAGE 

With  increased  weight  of  rolling  stock,  rails  must  be 
heavier  and  they  must  be  made  of  a  more  uniformly  high  grade 
of  steel.  The  rail  breakages  last  year  were  very  numerous  and 
were  in  a  number  of  cases  accompanied  by  disastrous  accidents. 

Usually  some  marked  defect  has  been  found  in  the  rail 
which  broke.  The  remedy  evidently  is  to  be  found  chiefly  in 
so  casting  and  manipulating  the  ingots  that  sound  metal  shall 
be  secured.  The  subject  was  discussed  by  the  British  Iron  & 
Steel  Institute  at  their  meeting  last  summer  and  it  is  believed 
that  material  progress  will  be  made  as  the  result  of  the  work 
which  is  now  going  on. 

The  Maintenance  of  Way  Associations  of  the  railway  com¬ 
panies  are  working  with  the  steel  companies  in  an  effort  to  care¬ 
fully  study  the  causes  which  bring  about  rail  failures  and  to 
apply  the  remedy.  It  is  not  a  simple  matter,  but  progress  is 
continually  being  made. 
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In  addition  to  sound  rails  a  safe  equipment  requires  creo- 
soted  ties,  tie  plates  of  ample  surface,  and  the  replacement  of 
driven  spikes  by  screw  spikes. 

NEW  RAILROAD  CONSTRUCTION  IN  1912 

Nearly  3000  miles  of  new  main  line  were  built  in  the  United 
States  and  2200  miles  in  Canada.  During  the  year,  152  000 
freight  cars,  3000  passenger  cars  and  5000  locomotives  were 
built.  These  figures  for  new  equipment  are  not  as  high  as  the 
records  of  five  out  of  the  last  14  years. 

ELECTRIC  LOCOMOTIVES  COMPARED  WITH  STEAM  LOCOMOTIVES 

The  electric  locomotive  is  firmly  established  in  railroad 
operation.  The  New  York,  New  Haven  and  Hartford  Railroad 
have  been  the  most  prominent  in  the  pioneering  stage  and  they 
now  have  more  than  100  electric  locomotives  in  service  for 
passenger  transportation  and  freight  switching.  They  are  so 
well  satisfied  with  the  results  obtained  that  they  are  extending 
the  electrically  operated  zone  from  Stamford  to  New  Haven, 
Conn.  They  have  electrified  their  Harlem  freight  yards. 

In  Massachusetts  the  Hoosac  tunnel,  some  four  miles  in 
length,  is  now  electrically  operated. 

The  Chicago,  Milwaukee  and  Puget  Sound  Railway  is  to 
operate  electrically  480  miles  of  its  line  to  the  Pacific  coast. 
The  Denver  and  Rio  Grande  Railway  will  electrify  120  miles 
in  the  near  future.  The  Southern  Pacific  Railroad  is  using 
electric  locomotives  on  a  number  of  its  branch  roads. 

The  economy  in  the  use  of  electric  locomotives  is  in  the 
cost  of  power  rather  than  in  the  up-keep  cost.  It  requires  less 
than  one-half  the  amount  of  fuel  to  generate  the  electric  cur¬ 
rent  required  for  train  operation  by  an  electric  locomotive  that 
it  does  if  the  coal  is  burned  under  the  boiler  of  a  steam  loco¬ 
motive  in  the  same  service.  This  is  a  remarkable  fact  consid¬ 
ering  that  the  losses  in  conversion  of  the  energy  of  the  coal  into 
electric  energy  and  in  transportation  and  use  of  the  current 
are  all  included. 

With  the  application  of  stokers  and  superheaters  to  steam 
locomotives,  the  comparison  is  slightly  more  favorable  to  the 
steam  locomotive.  As  regards  the  relative  cost  of  repairs,  it  is 
understood  that  even  at  the  present  time  when  electric  loco¬ 
motives  are  not  receiving  the  intelligent  care  which  they  will 
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get  later  on,  the  cost  of  repairs  is  not  greater  than  in  the  case 
of  the  steam  locomotive.  The  advantages  which  the  electric 
locomotive  has  as  to  greater  average  speed,  more  rapid  control 
and  operation  in  tunnels,  are  all  well  known.  The  weight  of 
electric  locomotives  is  less  per  horse  power  than  that  of  steam 
locomotives.  They  are  also  capable  of  almost  continuous  serv¬ 
ice  at  full  rated  capacity. 

Increased  passenger  terminal  capacity  and  freight  terminal 
yard  capacity  are  very  marked,  when  electrification  is  substi¬ 
tuted  for  steam  operation. 

Ten  enormous  electric  locomotives  are  being  built  for  the 
Swiss  Railways.  They  will  weigh  108  tons  each  and  be  capable 
of  developing  2500  h.  p.  at  a  speed  of  50  miles  per  hour.  Each 
can  exert  a  draw-bar  pull  of  40  000  pounds. 

SANITARY  ENGINEERING 

This  field  of  work  is  really  a  department  of  Civil  Engineer¬ 
ing.  It  has  especially  to  do  with  the  problems  of  sanitation, 
including  water  supply  and  purification,  sewage  disposal  and 
disposal  of  garbage  and  other  refuse. 

Fifteen  years  ago  there  were  engineers  of  standing  who  did 
not  believe  that  water  filtration  was  necessary  in  cities  like 
Pittsburgh,  for  example.  No  such  engineers  can  now  be  found 
and  there  is  no  doubt  that  thousands  of  lives  have  been  saved 
in  communities  like  Pittsburgh  by  the  beneficent  effect  of  the 
filtration  of  the  water  supply.  The  cities  situated  on  our  Great 
Lakes  have  been  obliged  to  use  more  and  more  certain  means 
of  insuring  the  quality  of  their  water  supplies. 

The  disposal  of  the  sewage  of  a  great  city  like  Pittsburgh 
is  a  problem  not  yet  solved.  The  State  of  Pennsylvania  re¬ 
quires  that  it  shall  be  done,  but  the  plans  submitted  by  ex¬ 
perts  have  not  yet  been  approved,  ostensibly  because  of  the 
enormous  outlay  which  would  be  involved. 

conclusion 

In  this  rather  superficial  review  of  the  more  interesting 
recent  developments  in  various  fields  of  engineering  and  ap¬ 
plied  chemistry,  it  has  been  my  purpose  not  so  much  to  dis¬ 
seminate  knowledge  as  to  render  my  tribute  of  appreciation  to 
workers  in  other  fields  than  my  own,  and  to  call  their  attention 
to  the  great  possibilities  in  chemistry. 

[Samples  of  new  chemical  and  metallurgical  products  were  shown.] 


THE  TECHNICAL  MAN  AND  THE 

STEEL  WORKS 


By  W.  E.  Snyder* 


I  desire  to  present  a  subject  for  your  consideration,  which 
I  think  should  be  of  interest  to  all  engineers,  and  particularly 
to  those  having  to  do  with  heavy  manufacturing  plants,  such  as 
are  found  in  this  District.  This  subject  is  the  place  of  the  tech¬ 
nical  man  in  a  modern  works  if  the  works  is  to  be  operated 
under  the  requirements  of  modern  conditions.  Inasmuch  as 
1  his  general  subject  is  too  broad  to  be  considered  in  one  paper. 
I  have  simply  considered  the  particular  phase  of  it  which  applies 
to  iron  and  steel  works.  Although  the  discussion  has  been  thus 
limited,  much  of  what  is  said  will  apply  with  equal  force  to 
ether  kinds  of  large  manufacturing  plants. 

The  developments  which  have  taken  place  during  the  past 
five  years  whereby  this  nation  has  taken  a  leading  position  in 
supplying  the  iron  and  steel  markets  of  the  world,  brings  the 
steel  works  of  this  country  into  direct  competition  with  those 
of  the  different  countries  of  Europe.  Further  than  this,  if  the 
new  administration  which  is  soon  to  enter  upon  its  career 
in  Washington,  carries  out  its  promises  in  regard  to  reduction 
of  tariff,  the  steel  works  of  this  countrv  may  have  to  meet  com- 
petition  from  the  European  works  right  at  home  as  well  as  in 
the  general  markets  of  the  world.  For  these  reasons,  as  well 
as  for  the  additional  very  good  reason,  that  the  works  of  this 
country  should  produce  as  cheaply  as  is  consistent  with  proper 
remuneration  of  the  men  who  operate  them,  it  is  of  importance 
that  every  feature  connected  with  their  operation  should  be 
carefully  studied,  so  that  these  works  may  be  properly  develop- 

Address  of  Retiring  Chairman  of  the  Mechanical  Section.  Present ed 
February  4,  1913,  and  published  in  the  March  Proceedings. 

♦Mechanical  Engineer,  American  Steel  and  Wire  Company,  Frick  Build¬ 
ing,  Pittsburgh. 
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ed,  their  over-all  efficiency  improved,  and  thus  be  in  a  strong 
position  no  matter  what  the  competition  may  be. 

It  should  be  clearly  understood  that  this  discussion  does  not 
refer  to  any  particular  works  or  company.  The  subject  matter 
which  it  contains  is  the  result  of  the  observation  of  operating 
conditions  in  most  of  the  principal  iron  and  steel  works  of  this 
country  and  Europe.  The  works  of  Germany  in  particular 
have  been  in  mind  in  comparing,  in  a  general  way,  certain 
methods  which  promote  economical  operation,  with  similar  meth¬ 
ods  as  practiced  in  this  country.  If  it  may  seem  to  some  that 
too  much  stress  is  laid  on  the  operating  conditions  of  German 
works,  these  facts  should  be  kept  in  mind:  The  development  of 
the  manufacture  of  iron  and  steel  in  Germany  has  been  phenom- 
enally  rapid  during  the  past  few  years,  until  at  present  it  has 
become  one  of  the  leading  producers  of  the  world,  as  well  as 
the  strongest  competitor  of  this  country  in  the  markets  of  the 
world ;  also,  we  investigate  many  kinds  of  mechanical  equipment 
having  to  do  directly  or  indirectly  with  the  manufacture  of 
steel,  which  have  been  developed  in  Germany,  and  do  not  hesi¬ 
tate  to  utilize  them  in  our  works  when  the  equipment  is  of  a 
character  that  it  can  be  adapted  to  our  conditions.  As  examples 
of  this  may  be  mentioned  by-product  coke  ovens,  large  gas  en¬ 
gines,  special  features  of  blast  furnace  and  stove  construction, 
gas  cleaning  apparatus,  etc.  In  view  of  this  there  should  cer¬ 
tainly  be  no  objection  to  investigating  methods  employed  in  the 
operation  of  German  works  to  obtain  the  highest  efficiency  from 
them,  or,  in  other  words,  highest  quality  at  lowest  cost,  and 
adopting  methods  as  well  as  apparatus  when  they  are  adapted 
to  our  conditions. 

Among  the  most  characteristic  features  having  to  do  with 
the  economical  operating  conditions  of  German  works,  are  the 
very  large  number  of  technical  men  occupying  the  most  im¬ 
portant  positions  in  the  companies,  as  well  as  the  various  subor¬ 
dinate  positions  throughout  the  works ;  the  very  close  co-operation 
between  the  technical  men  of  different  works,  the  technical  in¬ 
stitutions  of  learning,  and  the  government  institutions  of  similar 
character ;  and  the  very  aggressive  and  at  the  same  time  thorough 
work  of  these  technical  men.  It  is  due  entirely  to  this  most 
capable  and  painstaking  work  on  the  part  of  a  large  body  of 
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technical  men  in  the  various  institutions  and  works,  and  their 
active  co-operation,  that  Germany  has  been  enabled  to  make 
such  rapid  progress  in  the  manufacture  of  iron  and  steel  pro¬ 
ducts,  as  has  been  made  during  the  past  few  years,  in  the  face 
of  originally  adverse  conditions,  such  as  low  grade  ore,  un¬ 
suitable  coking  coal,  inadequate  shipping  facilities,  very  ex¬ 
pensive  steam  coal,  etc.  Since  the  developments  in  Germany 
have  demonstrated  so  forcibly  what  can  be  done  by  attention 
to  the  development  of  technical  knowledge  and  the  proper  use 
of  technical  men,  it  is  certainly  incumbent  upon  other  manu¬ 
facturing  nations  to  consider  their  own  conditions,  to  see 
whether  their  industries  cannot  be  improved  in  a  similar  manner. 

In  this  country  during  the  past  ten  or  fifteen  years  there 
has  been  an  unprecedented  development  in  steel  manufacturing 
plants.  This  development  has  been  most  marked  in  the  changes 
in  character  of  equipment  which  have  taken  place,  these  changes 
being  effected  to  improve  the  economy,  including  labor  saving; 
to  improve  quality,  and  to  increase  capacity.  It  is  not  neces¬ 
sary  to  enumerate  in  detail  all  of  the  various  kinds  of  improve¬ 
ments  which  have  been  made  to  effect  these  results,  but  some 
examples  may  be  given  simply  as  illustrative.  For  instance  in 
labor  saving,  a  very  great  increase  in  the  use  of  electric  power 
for  such  purposes  as  cranes,  magnets,  charging  machines,  haul 
age,  etc.  To  increase  economy,  such  improvements  as  by-product 
coking  plants,  large  gas  engines,  steam  turbines  both  high  and 
low  pressure;  furnaces  and  mills  of  larger  capacity  than  form¬ 
erly  used,  etc.  Capacity  has  also  been  largely  increased  by 
making  various  improvements  in  existing  equipment,  whereby 
a  large  increase  of  product  is  obtained  from  the  original  equip¬ 
ment  in  its  improved  form ;  this  being  done  in  many  cases  by 
reducing  or  eliminating  manual  labor,  where  this  has  formerly 
limited  product,  by  increased  use  of  mechanical  power,  etc.  The 
quality  of  various  kinds  of  product  has  been  improved  by  ex¬ 
tended  researches  which  have  developed  new  processes,  or 
changes  in  old  processes,  all  of  which,  while  they  improve  the 
product,  necessarily  complicate  manufacturing  conditions,  and 
very  frequently  increase  cost  of  production. 

All  of  these  changes  which  have  just  been  discussed,  are 
such  as  to  increase  the  complexity  and  complication  of  the  manu- 
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facturing  equipment  of  a  works.  It  is  an  axiom  quoted  so  often 
that  it  needs  no  more  than  mention  here,  that  it  is  not  possible  to 
get  something  for  nothing,  and  improvements  in  quality,  econ¬ 
omy,  capacity,  etc.,  are  obtained  at  the  expense  of  additional 
mechanical  equipment  and  apparatus  of  various  kinds,  or  more 
complicated  character  than  that  formerly  used,  and  which  must 
be  cared  for  properly  if  it  is  to  operate  at  highest  efficiency. 
In  order  that  this  apparatus  may  be  maintained  in  a  condition 
of  maximum  net  operating  efficiency,  the  use  of  varied  technical 
knowledge  of  a  high  grade  is  required,  where  formerly  no  such 
knowledge  was  necessary  beyond  that  possessed  by  the  drafts¬ 
man  who  made  the  drawings  which  could  not  be  very  well  dis¬ 
pensed  with,  and  the  master  mechanic  whose  business  it  was  to 
look  after  the  shops  and  repairs. 

I  have  just  pointed  out  the  great  development  that  has  taken 
place  in  the  character  of  the  steel  manufacturing  plants,  and 
also  that  this  development  has  been  unavoidably  toward  com¬ 
plexity  and  complication  of  apparatus,  thereby  necessitating 
technical  ability  of  a  very  high  order  if  the  best  results  are  to 
be  obtained  from  this  modern  equipment.  It  is  manifestly 
useless  to  expend  large  sums  of  money  for  the  installation  of 
the  most  modern  and  economical  type  of  apparatus  that  can 
be  obtained  for  each  particular  department,  and  then  place  this 
apparatus  in  charge  of  men  who  do  not  have  the  necessary  tech¬ 
nical  knowledge  to  enable  them  to  appreciate  the  importance  of 
its  proper  operation  so  that  the  most  efficient  results  are  always 
obtained.  No  mechanical  equipment,  however  efficient  it  may 
be  in  good  hands,  will  continue  to  maintain  its  efficiency  in  the 
hands  of  those  who  do  not  understand  it  sufficiently  well,  to 
appreciate  the  theoretical  or  scientific  principles  which  underlie 
its  design  and  use. 

I  desire  here  to  direct  attention  to  a  condition  which  I  be¬ 
lieve  prevails  in  a  large  number  of  plants  operating  in  this 
country.  This  is  that  the  character  of  the  equipment  is  above 
the  general  or  average  capacity  of  the  organization  which  oper¬ 
ates  that  equipment.  That  is,  the  best  results  are  not  being 
obtained  from  many  works  because  there  is  not  sufficient  proper 
ability  in  the  operating  organization  to  operate  the  equipment 
at  its  maximum  efficiency.  Very  probably  this  assertion  will 
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he  disputed  by  some  who  are  cpiite  familiar  with  the  operating 
conditions  of  some  works,  but  before  it  is  disputed  too  strongly, 
it  might  be  well  to  investigate.  I  do  not  of  course  assert  that 
these  statements  apply  with  equal  force  to  all  manufacturing 
plants  of  this  character,  but  I  believe  that  they  are  of  fairly 
general  application. 

I  hesitate  verv  much  in  making  a  statement  of  this  char- 
acter,  because  it  is  in  the  nature  of  a  criticism,  and  the  one  who 
criticises  is  always  unpopular.  It  is  he  who  lauds  our  captains 
of  industry  and  our  “splendid  organizations”  in  speeches  and 
newspaper  articles,  who  receives  praise  in  return.  Tt  is  he  who 
is  referred  to  as  the  smart  fellow  with  the  keen  eye,  who  is  on 
to  his  job.  However,  if  the  manufacture  of  iron  and  steel  in 
this  country  is  to  receive  its  most  efficient  development,  it  will 
be  by  careful  unbiased  investigation  of  every  aspect  of  every 
important  problem  which  has  to  do  with  manufacturing  these 
products.  It  will  not  do  to  take  anything  for  granted  simplj' 
because  it  may  be  a  statement  which  tickles  our  ears.  The 
manufacturer  or  operator  must  search  out  the  underlying  con¬ 
ditions,  develop  and  deal  with  the  facts,  as  far  as  they  may  be 
determined  and  existing  conditions  become  known,  so  that  im¬ 
provements  may  be  made  where  they  are  necessary.  It  is  utterly 
futile  to  say  that  we  have  the  finest  steel  plants  in  the  world 
and  the  most  efficient  organizations  operating  them,  and  make 
other  similar  high  sounding  statements,  unless  these  statements 
depict  true  conditions.  The  only  statements  which  are  entitled 
to  any  weight  whatever  with  those  responsible  for  the  operation 

i 

of  our  manufacturing  plants,  are  those  which  contain  actual 
facts.  It  is  only  by  knowing  the  truth, — not  opinions  of  those 
oftentimes  only  superficially  familiar  with  such  plants,  that  it 
is  possible  to  make  improvement  where  improvement  is  most 
needed. 

The  condition  which  has  just  been  explained,  that  of  the 
average  capacity  of  the  operating  organization  being  below  the 
requirements  of  a  modern  manufacturing  plant,  is  a  condition 
which  has  developed  with  the  evolution  of  the  plants  during 
the  past  ten  years.  Every  attention  has  been  concentrated  upon 
effecting  mechanical  improvements  in  the  works,  the  idea  being 
that  if  these  improvements  were  once  made,  the  only  thing  that 
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was  then  necessary  was  to  keep  the  wheels  going  around  and 
the  benefits  were  bound  to  result.  There  has  not  been  sufficient 
realization  of  the  importance  of  developing  the  human  part 
of  the  mechanism  which  produces  steel,  along  with  the  me¬ 
chanical  part.  I  do  not  refer  here  to  such  part  of  the  organ¬ 
ization  as  skilled  labor  and  general  labor  of  various  kinds.  I 
refer  entirely  to  what  may  be  considered  the  brain  and  nervous 
system  of  the  entire  human  body  in  the  works — the  men  who 
fill  all  positions  of  importance  from  the  head  to  that  of  minor 
sub-foremen.  It  is  the  men  in  all  of  these  positions — the  per¬ 
sonnel  of  the  operating  organization — which  must  be  developed 
along  with  the  physical  equipment  of  the  works  if  maximum 
results  are  to  be  obtained. 

Each  unit  in  an  organization  is  a  man,  and  each  man  has  a 
different  capacity.  The  capacity  of  any  man  may  be  considered 
as  being  made  up  of  his  natural  qualifications,  physical  and 
mental;  his  education,  and  his  experience.  In  different  indi¬ 
viduals  these  natural  attributes  and  acquired  abilities  vary 
widely  in  quantity  and  exist  in  every  conceivable  variety  of 
combinations.  In  this  respect  a  man  is  very  similar  to  a  ma¬ 
chine,  in  that  there  are  certain  things  which  he  can  do,  and 
things  which  he  cannot  do.  It  is  also  possible  to  prepare  a 
specification  of  a  man  which  will  cover  his  principal  character¬ 
istics,  and  include  his  education  and  experience,  in  the  same  way 
as  the  specifications  for  a  machine  is  prepared.  In  developing 
the  personnel  of  an  organization  the  specifications  of  each  unit 
should  be  considered  in  exactly  the  same  way  as  the  specifica¬ 
tions  of  a  machine  are  considered.  It  is  certainly  a  very  foolish 
and  wrong  practice,  which  will  obtain  very  complete  specifica¬ 
tions  for  a  machine,  from  a  number  of  different  sources,  and 
after  careful  cotmparison,  discussion  and  investigation,  will 
select  one  certain  machine  in  preference  to  all  others,  as  being 
the  best  adapted  for  the  particular  place  in  mind;  while  at  the 
same  time,  the  man  who  is  to  have  general  charge  of  the  depart¬ 
ment,  in  which  the  machine  is  to  be  located,  is  selected  very 
likely  on  the  recommendation  of  some  one  person,  which  may 
be  affected  entirely  by  his  personal  attitude  in  the  matter,  or 
the  man  in  charge  of  the  department  may  have  simply  gravi¬ 
tated  there  without  anyone  knowing  very  much  about  whether 
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he  was  or  %vas  not  suited  for  the  place.  Although  I  have  men¬ 
tioned  above  considering  the  specifications  of  a  man  in  the  same 
way  as  the  specifications  of  a  machine  are  considered,  it  is  im¬ 
portant  always  to  keep  in  mind  the  fact  that  it  is  a  man  that 
is  being  dealt  with,  and  not  a  machine.  'When  this  is  remem¬ 
bered  there  surely  can  be  no  objection  to  following  the  same 
method  and  exercising  the  same  care  in  putting  in  units  in  an 
organization  as  is  practiced  in  putting  in  machines  that  will  be 
operated  by  the  organization. 

Every  organization  has  a  head,  and  in  manufacturing  or¬ 
ganizations  this  head  may  be  composed  of  more  than  one  person, 
and  mav  have  different  titles.  In  this  discussion,  this  head  will 
be  referred  to,  for  the  sake  of  brevity,  as  the  Manager,  no  matter 
whether  the  functions  of  the  head  are  exercised  by  one  man,  a 
committee  or  a  board.  Under  modern  operating  conditions  the 
Manager  rarely  if  ever  constitutes  the  complete  head  or  “ brains” 
of  the  plant,  the  various  conclusions  reached,  changes  made,  etc., 
being  nearly  always  the  result  of  joint  consideration  by  several 
men.  A  large  number  of  important  matters  having  to  do  with 
the  operation  of  works  must  be  first  passed  upon  by  some  of 
the  subordinate  units  of  the  organization  before  they  reach  the 
Manager,  and  the  total  quantity  of  human  capacity  that  can 
be  thus  utilized  in  solving  any  special  problem  which  may  come 
up  in  the  works,  is  the  sum  of  the  different  individual  capacities 
of  these  members  in  the  organization  who  are  directly  interested 
in  the  matter  under  consideration.  The  same  thing  is  true 
considering  the  entire  organization  as  a  whole.  The  aggregate 
capacity  of  the  organization  which  the  Manager  has  at  his  com¬ 
mand  to  accomplish  certain  results,  is  equal  to  the  aggregate 
of  the  individual  capacities  of  the  respective  members  of  the 
organization  .  'When  these  conditions  are  kept  clearly  in  mind, 
the  importance  of  very  careful  selection  for  each  position  is 
realized.  This  should  mean  that  each  time  a  change  is  made 
for  any  reason,  the  capacity  obtained  for  the  position  is  as  large 
as  it  is  practicable  to  obtain,  and  therefore  the  aggregate  ca¬ 
pacity  of  the  organization  is  continually  maintained  at  high 
standard,  or  is  increased. 

Under  the  conditions  which  now  exist  in  the  manufacturing 
plants  under  discussion,  there  is  very  little  if  any  system  fol- 
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lowed  in  the  original  placing,  or  in  the  promotion  of  men.  If 
a  careful  investigation  were  possible  in  an  organization  which 
would  show  how  each  unit  in  the  personnel  was  placed  and  how 
tlie  specifications  of  each  conformed  with  the  requirements  of 
the  position,  the  results  would  no  doubt  prove  very  surprising 
reading.  It  is  only  when  the  specifications  of  the  man  meet 
the  requirements  of  the  position,  that  he  fills  the  position  by 
virtue  of  merit.  We  insist  on  the  principle  of  advancement  by 
merit  in  government  service,  and  in  many  other  lines.  Why 
should  not  the  same  principle  be  generally  applied  in  a  works 
organization?  If  this  principle  is  applied  it  means  that  the  full 
specifications  of  every  individual  must  be  known  and  the  re¬ 
quirements  of  the  position  must  be  known  and  the  position 
filled,  by  one  who  fills  it, — not  holds  it. 

However,  it  may  be  argued,  admitting  the  contention  that 
more  attention  is  paid  to  the  development  of  the  mechanical 
equipment  than  to  the  personnel  of  the  operating  organization, 
that  in  general,  good  results  are  being  obtained,  i.  e.,  costs  are 
quite  satisfactory,  quality  is  good,  etc.  This  simply  brings  up 
the  question  as  to  what  constitutes  good  results,  and  how  the 
results  which  are  being  obtained  from  an  operating  organization 
are  to  be  judged.  Having  given  a  certain  definite  works  or 
company  which  is  engaged  in  producing  one  or  more  kinds  of 
product,  it  is  self-evident  that  there  is  no  absolute  standard  by 
which  the  over-all  operating  efficiency  of  a  works  can  be  judged. 
In  many  cases  the  works  move  along,  and  the  results  are  what 
they  are  because  the  organization  did  what  it  did.  The  results 
may  seem  to  be  good,  but  no  one  can  deny  that  they  would  not 
have  been  better  if  different  methods  had  been  followed  in 
operating  the  works.  There  are  a  number  of  different  factors 
which  may  influence  the  profits  from  the  business,  in  addition 
to  those  which  pertain  to  the  operation  of  the  equipment  which 
produces  the  product,  so  that  profits  are  not  a  true  index  of 
whether  or  not  the  works  are  most  efficiently  operated.  We 
hear  much  of  the  so-called  scientific  management,  but  this  refers 
almost  entirely  to  the  work  of  the  men  in  the  ranks.  Careful 
studies  have  been  made  of  various  kinds  of  machine  work,  other 
skilled  labor,  and  even  common  labor;  efficiency  engineers  are 
turned  loose  with  omnibus  commissions ;  men  are  paid  a  tonnage 
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wage  wherever  possible,  and  various  other  methods  followed, 
the  general  purpose  of  which  is  to  increase  the  efficiency  of 
operation.  The  most  important  part  of  the  whole  proceeding, 
however,  is  overlooked,  which  is  the  necessity  of  developing  a 
scientific  management  before  the  proper  results  will  be  obtained 
from  a  system  of  scientific  management.  By  a  scientific  manage¬ 
ment  T  mean  an  organization  must  be  built  up  composed  of  units 
of  large  capacity,  so  co-ordinated  that  the  whole  works  together 
efficiently  like  a  well  designed  machine.  An  organization  of 
this  character  must  contain  a  large  number  of  technically  edu¬ 
cated  men  who  are  keenly  alive  to  what  is  meant  by  the  efficient 
handling  of  men  and  equipment.  It  is  too  much  to  expect  that 
a  man  of  average  natural  capacity  can  be  fitted  by  experience 
alone  to  deal  successfully  with  matters,  which  by  their  very 
nature,  demand  a  clear  understanding  of  the  scientific  prin¬ 
ciples  which  underlie  them.  In  addition  to  this,  and  even  sup¬ 
posing  it  possible  to  develop  a  man  properly  by  experience 
alone,  while  he  is  obtaining  this  experience  he  is  obtaining  it 
at  the  expense  of  the  efficiency  of  the  organization  with  which 
he  is  connected.  Certainly  experience  is  necessary  to  every  tech¬ 
nically  educated  man  in  order  that  he  may  learn  to  make  prac¬ 
tical  application  of  his  theoretical  knowledge,  but  he  begins  at 
a  much  higher  plane  to  obtain  this  experience,  and  obtains  it 
miich  more  rapidly  than  the  man  without  the  technical  education, 
so  that  the  effect  on  the  efficiency  of  the  organization  is  very 
much  less.  This  is  not  a  re-hashing  of  the  formerly  much  dis¬ 
cussed  question  of  the  theoretical  versus  the  practical  man — 
there  is  no  such  question  at  present.  The  purpose  of  this  is  to 
point  out  a  matter  that  is  vitally  important  to  efficient  operation, 
because  the  only  way  most  efficient  operation  of  a  large  works 
is  obtained  is  to  have  each  subdivision,  no  matter  how  small, 
operate  at  its  best  efficiency. 

Consider  as  a  concrete  example  of  the  foregoing  discussion, 
a  modern  blast  furnace  plant  with  all  its  varied  equipment, 
which  will  include  such  auxiliary  installations  as  hot  blast 
stoves,  pumping  station,  large  steam  or  gas  driven  station,  and 
may  also  include  other  installations  such  as  air  drying,  ore  dust 
briquetting  plant,  etc.  This  is  as  much  different  from  what 
constituted  a  blast  furnace  plant  fifteen  or  twenty  years  ago 
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as  an  automobile  is  different  from  an  old  fashioned  buckboard. 
The  advancement  in  a  department  like  this,  both  in  character 
of  equipment,  and  method  of  operation,  has  been  so  marked  and 
the  results  of  improper  operation  are  so  serious  and  dangerous, 
that  in  very  many  installations  the  necessity  of  having  a  tech¬ 
nically  educated  man  of  experience  in  charge,  has  been  realized.. 
The  improvement,  however,  has  not  yet  gone  far  enough  even 
in  this  kind  of  a  department,  as  in  many  cases  the  conditions 
are  very  similar  to  what  they  would  be  if  a  modern  high  class 
steamship  were  in  command  of  an  educated  and  experienced 
sea  captain,  while  all  the  other  officers  and  their  subordinates 
were  ordinary  sailors  of  different  degrees  of  experience.  It  is 
quite  evident  that  what  that  captain  would  most  need  in  order 
that  the  ship  might  be  efficiently  and  safely  navigated,  would 
be  a  number  of  properly  trained  men,  each  of  whom  had  made 
a  special  study  of  some  particular  part  of  the  general  task  of 
navigating  the  ship.  This  would  include  one  or  more  officers 
having  charge  of  each  of  such  matters  as  navigation,  mechan¬ 
ical  equipment,  sanitation,  food  supply,  etc.  Similarly,  any 
manufacturing  department  cannot  be  considered  efficiently 
manned  simply  because  it  has  a  competent  man  at  its  head. 

Mention  has  been  made  of  the  ineffectual  results  of  trying 
to  deal  with  the  complexity  of  problems  introduced  by  modern 
methods  of  manufacture  with  an  organization  which  is  deficient 
in  its  aggregate  capacity  because  of  lack  of  technically  trained 
men.  Suppose  in  the  case  above  assumed,  that  the  modern  blast 
furnace  department  had  been  placed  in  charge  of  practical 
furnace  men  without  any  of  the  technical  education  which  we 
assumed  for  its  operating  head  in  the  previous  discussion.  Is 
it  to  be  supposed  that  the  maximum  efficiency  attainable  from 
the  high  grade  equipment  was  being  realized  ?  Is  it  at  all  prob¬ 
able  that  the  average  results  throughout  the  department  would 
be  continuously  comparable  with  those  which  were  possible 
under  best  operating  conditions?  Of  course  there  are  excep¬ 
tional  cases  of  practical  men  who  build  up  efficient  organiza¬ 
tions,  at  least  partly  composed  of  technical  men.  I  am,  how¬ 
ever,  not  discussing  special  cases,  but  am  emphasizing  the  broad 
principle  involved,  by  using  the  modern  blast  furnace  plant  as 
an  example,  showing  the  difference  between  the  conditions  which 
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will  exist  under  two  kinds  of  operating  organizations.  I  em¬ 
phasize  the  application  of  this  principle  in  blast  furnace  depart¬ 
ments  particularly,  for  the  reason  that  it  clearly  illustrates  the 
application  which  can  and  should  be  made  in  all  operating  de¬ 
partments  of  steel  works. 

The  conditions  in  the  most  modern  and  up-to-date  blast 
furnace  plants  are  such  as  to  necessitate  at  least  a  high  grade 
operating  department  head  if  efficient  results  are  to  be  obtained. 
There  is  too  much  risk  and  loss  involved  in  operating  under  any 
other  conditions.  There  are,  however,  a  great  many  departments 
in  large  works  where  the  same  necessity  exists  for  high  grade 
departmental  personnel  that  exists  in  a  blast  furnace  depart¬ 
ment,  but  the  necessity  is  not  so  apparent,  and  the  results  which 
are  obtained  from  an  organization  of  mediocre  or  low  grade 
capacity  are  not  accompanied  by  the  same  menace  to  life  and 
property  that  exists  in  a  blast  furnace  department  in  inefficient 
hands.  The  result  is,  these  other  departments  continue  to 
operate  year  after  year  with  any  kind  of  an  organization  that 
happens  to  come  about,  and  many  of  such  departments  are 
standing  monuments  of  fine  equipment,  installed  with  good  en¬ 
gineering  judgment,  and  operated  by  an  organization,  the  per¬ 
sonnel  of  which  is  more  the  result  of  accident  than  of  design 
or  systematic  care  in  building  it  up. 

This  statement  will  very  probably  arouse  active  disagree¬ 
ment  on  the  part  of  some  of  the  operating  men  who  have  direct 
charge  of  departments.  However,  in  an  engineering  discussion 
of  this  kind  we  must  be  guided  by  the  facts  or  conditions  as 
they  are.  No  doubt  everyone  who  has  had  experience  as  part 
of  an  operating  organization  has  heard  again  and  again  criti¬ 
cism  and  complaint  made  in  regard  to  the  incapacity  or  in¬ 
efficiency  of  some  member  of  the  organization — very  probably 
of  many  members.  Now  if  the  specifications  of  the  man  so 
criticised  had  been  properly  studied  before  he  was  placed  in  the 
position,  this  condition  could  not  occur.  The  defects  would  be 
known,  and  the  man  would  not  be  placed  in  the  position.  One 
of  the  worst  things  about  a  defective  unit  in  an  organization  is 
that  he  very  often  lowers  the  efficiency  of  a  number  of  other 
men  who  have  to  work  with  the  defective  one.  In  a  machine 
shop  if  one  machinist  is  inferior  to  the  others,  and  he  is  paid 
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by  the  day,  the  company  is  the  loser,  but  no  other  employee  is 
affected.  In  an  organization  this  is  not  the  case  as  the  weak 
member  handicaps  the  efforts  of  the  other  members  above,  below 
and  around  him.  This  is  a  most  convincing  argument  in  favor 
of  careful  consideration  of  the  specifications  before  the  man 
is  selected. 

I  have  several  times  heard  the  general  statement  made  that 
it  was  not  possible  to  follow  the  European  methods,  particularly 
those  of  Germany;  in  the  use  of  a  large  number  of  technical 
men  throughout  operating  organizations,  on  account  of  the  in¬ 
creased  expense  involved.  I  do  not  think  any  statement  of  this 
kind  will  bear  investigation.  In  Germany,  where  the  technical 
men  are  of  the  highest  grade,  and  the  ratio  of  their  number  to 
the  total  number  in  an  organization  is  greater  than  anywhere 
else,  the  ratio  of  the  pay  of  the  average  technical  man  to  the 
pay  of  ordinary  labor  is  fully  as  large  as  it  is  in  this  country. 
In  this  country  I  do  not  believe  that  the  placing  of  a  technical 
man  in  a  position  formerly  occupied  by  a  man  without  technical 
education  means  that  the  technical  man  will  receive  more  salary 
than  his  predecessor.  In  fact,  I  think  the  opposite  is  often 
the  case.  The  aggregate  capacity,  however,  of  the  organization 
has  been  undoubtedly  increased,  while  the  expense  to  the  com¬ 
pany  has  not  been  increased.  Even  in  cases  where  a  high  grade 
technical  man  is  paid  a  greater  salary  than  was  previously  paid 
to  the  position,  it  can  very  often  be  positively  proved  that  the 
greater  salary  is  fully  justified,  because  of  the  improved  results 
which  followed  the  improvement  in  capacity.  In  fact,  there  are 
undoubtedly  many  positions  in  organizations  that  are  now  being 
held  by  unteclinical  men  which  will  be  later  filled  with  technical 
men  at  higher  salaries,  and  notwithstanding  these  higher  sal¬ 
aries  ultimate  economy  in  operation  will  result.  The  number 
of  technical  men  who  should  be  employed  and  the  positions 
which  should  be  filled  with  technical  men,  are  dependent  wholly 
upon  an  analysis  of  each  particular  case,  always  assuming  that 
the  technical  man  is  to  be  paid  a  higher  salary  than  was  paid 
to  his  predecessor,  as  on  an  equal  salary  basis  with  proper  ob¬ 
servation  of  the  specifications  of  the  man,  investigation  is  not 
required. 

As  an  example  of  the  above,  take  the  operation  of  a  medium 


SNYDER - THE  TECHNICAL  MAN  AND  THE  STEEL  WORKS  75 

sized  boiler  plant.  Suppose  the  coal  used  and  the  cost  of  oper¬ 
ating  the  boilers,  labor,  repairs,  etc.,  together  amounted  to 
$300  000  annually.  Suppose  a  proposition  be  made  to  place 
a  technical  man  in  charge  of  this  boiler  house  at  a  salary  of 
$3000  per  year.  At  first  sight  this  might  seem  like  an  expensive 
luxury,  in  view  of  the  fact  that  we  will  assume  the  boiler  house 
previously  operated  as  a  side  line  under  the  general  charge  of 
the  master  mechanic.  It  is  evident,  however,  that  another  fac¬ 
tor  should  receive  consideration  in  addition  to  the  salary  that 
is  paid  the  man.  This  factor  is  the  benefit  which  will  be  ob¬ 
tained  by  having  a  technical  man  of  this  kind  in  direct  charge 
of  the  expenditure  of  $300  000.  Here  again  the  principle  is 
very  similar  to  that  which  would  be  followed  in  considering  any 
mechanical  improvement,  in  that  operating  cost  and  economy 
resulting,  must  both  be  considered  in  order  to  arrive  at  the  net 
saving.  Suppose  that  in  this  case  a  saving  of  $7000.  a  year  is 
effected,  which  would  be  a  comparatively  easy  task  in  many 
installations.  It  is  evident  that  the  employment  of  this  man, 
which  appeared  at  first  an  expensive  luxury,  has  made  a  net 
return  to  the  company  of  the  difference  between  his  salary  and 
the  saving  which  he  effected.  This  case  is  used  simply  to  illus¬ 
trate  further,  what  is  meant  by  the  improvement  of  the  per¬ 
sonnel  of  the  organization,  and  to  point  out  that  increased  ex¬ 
pense,  due  to  this  improvement  in  personnel,  does  not  by  any 
means  imply  that  the  net  returns  from  the  organization  will 
be  decreased.  Of  course  the  point  may  be  raised  that  what  is 
paid  the  man  is  a  certainty,  while  the  saving  he  will  effect  is 
problematical.  This  is  true,  and  in  this  respect  is  no  different 
from  a  great  many  improvements  that  are  made  every  year  in 
large  works.  The  cost  is  a  certainty,  but  the  return  is  an  un¬ 
certainly".  There  is  this  more  favorable  feature,  however,  in 
connection  with  the  employment  of  the  man,  that  in  case  it 
does  not  prove  to  be  a  paying  investment,  the  man  can  be  dis¬ 
pensed  with,  or  very  probably  utilized  to  good  advantage  in 
some  other  way  in  the  organization;  while  with  the  installation 
when  the  expenditure  is  once  made,  it  must  stay  there,  whether 
the  returns  are  satisfactory  or  not.  In  addition  to  this,  the 
results  which  will  accrue  from  the  employment  of  the  man  can 
be  forecasted  quite  as  well  as  they  can  be  in  any  other  kind  of 
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an  improvement,  and  the  estimated  results  should  be  closely 
approximated  provided  the  man  that  is  installed  has  been  prop¬ 
erly  selected  for  the  position. 

The  above  may  be  objected  to  on  the  ground  that  it  is  an 
academic  discussion,  under  certain  assumptions  that  are  not  ap- 
plicable  to  works  conditions.  I  may  say,  however,  that  I  believe 
that  I  have  had  enough  of  works  experience  to  assert  that  it 
is  entirely  practical,  and  a  thoroughly  common-sense  way  of 
improving  the  capacity  of  an  organization  by  investigating  the 
installation  of  its  units  from  the  standpoint  of  operating  cost 
and  net  returns.  This  is  in  general  the  method  which  is  fol¬ 
lowed  in  Germany  and  which  has  shown  such  splendid  results 
in  the  achievements  of  the  various  organizations  of  different 
German  Avorks.  The  finest  gas  engine  plant  in  the  world  Avas 
installed,  and  has  for  seAreral  years  been  operated  by  a  technical 
man  Avhose  capacity  corresponds  to  that  of  the  chief  engineer 
of  a  large  company  in  this  country.  That  man  simply  has 
charge  of  the  gas  engine  station  and  the  auxiliary  equipment 
of  gas  cleaning,  Avater  pumping  apparatus,  etc.  He  is  undoubt¬ 
edly  paid  a  ATery  good  salary  because  if  he  were  not  he  could 
go  elseAvhere  and  obtain  it,  and  he  is  retained  in  his  position 
because  the  net  returns  to  the  company  fully  justify  the  ex¬ 
penditure  that  is  necessary  to  keep  him.  The  man,  his  organiza¬ 
tion,  and  the  equipment  which  they  operate  are  in  entire  har¬ 
mony;  the  company  OAAming  the  works  is  sure  of  obtaining  the 
highest  efficiency  attainable  from  such  a  department. 

This  same  principle  is  almost  everywhere  apparent  in  Ger¬ 
man  Avorks.  In  many  of  the  works  the  equipment  would  be 
ridiculed  by  engineers  in  this  country,  yet  good  results  are 
obtained  Avholly  because  of  the  character  of  the  personnel  Avhich 
operates  these  works.  In  cases  like  this,  the  .conditions  are  the 
reverse  of  Avhat  they  are  in  most  plants  in  this  country.  That 
is,  because  of  stringent  financial  conditions,  they  have  not  been 
able  to  develop  the  mechanical  equipment  as  it  should  be  de¬ 
veloped,  but  they  have  utilized  to  the  best  advantage  the  equip¬ 
ment  which  they  do  have,  by  building  up  the  personnel  of  the 
operating  organization  until  it  is  in  a  state  of  large  capacity 
and  high  efficiency ;  thus  insuring  the  best  results  that  the  equip¬ 
ment  is  capable  of  producing. 
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In  order  that  I  may  make  clear  just  what  is  meant  by  the 
foregoing  discussion,  consider  as  an  illustration  a  medium  sized 
modern  power  station.  Suppose  that  all  the  equipment  is  se¬ 
lected  with  care,  and  it  is  properly  installed;  then  a  test  is  run 
which  may  be  anywhere  from  24  hours  to  a  month’s  duration, 
during  which  time  all  operations  are  carried  out  under -the 
scrutiny  of  thoroughly  trained,  experienced,  technical  men.  In 
the  classic  parlance  of  the  golf  links  this  test  establishes  the 
bogey  of  the  plant — it  represents  the  best  results  that  can  be 
obtained  when  all  apparatus  is  in  perfect  condition  and  operat¬ 
ed  according  to  the  best  known  methods.  The  results  of  such 
a  test  show  that  a  certain  admirable  degree  of  economy  has 
been  attained  under  these  most  favorable  conditions.  Now  as 
the  plant  continues  to  operate  after  the  test  is  completed,  the 
results  will  always  be  less  than  those  obtained  from  the  test, 
and  the  amount  which  they  are  less  than  the  results  of  the  test 
will  depend  entirely  on  the  personnel  of  the  organization  which 
operates  the  plant.  If  the  personnel  is  of  low  grade,  there  will 
be  depreciation  of  apparatus  and  generally  inefficient  operating 
conditions — the  effect  of  which  is  to  make  the  economy  of  the 
plant  much  lower  than  that  established  by  the  test.  On  the 
other  hand,  if  the  personnel  of  the  operating  organization  is 
first  class  in  every  respect,  every  part  of  the  plant  operates  at 
a  high  degree  of  efficiency,  so  that  the  over-all  economy  of  the 
whole  is  much  better  and  nearer  to  the  standard  established 
by  the  test. 

Now  there  is  no  unusual  feature  in  this  last  illustration, 
and  everyone  in  any  way  familiar  with  the  operation  of  a  power 
station  will  grant  its  truth.  However,  exactly  this  same  prin¬ 
ciple  may  be  extended  and  applied  to  the  operation  of  any  kind 
of  a  works  or  company.  There  is  a  “bogey”  for  each  works. 
There  are  also  results  which  can  be  obtained  by  simply  allowing 
everything  to  move  along  the  line  of  least  resistance,  making 
no  effort  toward  high  efficiency.  Between  these  two  limits  there 
is  a  wide  field,  a  large  part  of  which  a  highly  developed  operat¬ 
ing  organization  will  gain  for  the  proper  side  of  the  account. 
In  German  works  this  principle  is  generally  realized  in  that 
the  results  of  any  test,  to  them,  represents  something  which  will 
be  approximately  obtained  in  actual  practice;  while  in  our 


78  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENN  A. 

works,  as  many  engineers  know,  there  is  very  often  criticism  of 
tests  because  they  give  no  indication  of  what  the  results  will  be 
in  practice.  The  statement  lias  often  been  made  that  if  the 
returns  from  the  improvements  made  in  steel  works  were  as 
large  as  the  estimates  indicated  they  would  be,  that  the  cost 
of  production  would  be  very  much  lower  today  than  it  is.  In 
other  words,  the  estimated  returns  are  never  realized.  There 
can  be  only  two  reasons  for  this.  One  is  that  the  estimate  is 
wrong,  and  the  other  that  the  installation  or  its  operation  is 
defective.  Inasmuch  as  the  equipment  which  is  now  installed 
is  usually  of  such  high  class  and  standard  character  that  it  can¬ 
not  be  questioned,  the  fact  that  the  results  have  not  been  realiz¬ 
ed  goes  right  back  either  to  the  original  estimate  or  to  the 
operation.  In  either  case  the  necessity  for  more  and  better 
technical  knowledge  is  indicated.  The  operation  of  the  works 
is  oftentimes  such  that  the  effort  is  too  much  concentrated  on 
one  spot  or  product;  auxiliary  departments  and  processes  floun¬ 
der  along  as  best  they  can,  thus  lowering  the  general  efficiency 
of  the  entire  works. 

The  foregoing  discussion  relates  very  largely  to  operating 
conditions,  and  it  is  possible  that  some  one  may  inquire  wherein 
lies  the  particular  importance  of  this  matter  to  the  technical 
man  or  engineer.  It  has  been  pointed  out  that  modern  manufac¬ 
turing  requirements  necessitate  vastly  more  complicated  equip¬ 
ment  than  formerly;  and  almost  all  attention  has  been  directed 
in  the  past,  to  developing  and  perfecting  the  mechanical,  to  the 
neglect  of  the  human  part  of  the  mechanism;  that  this  neglect 
results  in  low  average  capacity  of  personnel,  which  does  not 
permit  of  the  full  efficiency  of  the  mechanical  to  be  realized. 
Conversely,  if  the  efficiency  of  the  works  is  to  reach  the  limit 
which  can  be  legitimately  demanded,  in  view  of  modern  im¬ 
provement  of  machine  and  process,  it  must  be  by  the  improve¬ 
ment  of  the  personnel,  due  to  selecting  units  of  greater  capacity, 
which  simply  means  more  technical  men. 

I  am  not  so  innocent  as  to  suppose  that  anything  said  in  a 
paper  of  this  kind  will  produce  an  immediate  or  radical  change 
in  the  method  of  operating  works.  This  subject  is  not  being 
discussed  here,  with  the  idea  of  having  the  conditions  pointed 
out,  changed  by  simply  throwing  a  lever.  It  is  discussed  to  in- 
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dicate  certain  wrong  conditions  which  now  exist,  and  which 
should  be  remedied,  also  to  point  out  that  proper  methods  should 
be  followed  in  applying  the  remedy,  so  that  the  ultimate  results 
will  be  the  best  that  can  be  realized.  Improving  the  working 
efficiency  of  an  organization  is  a  gradual  process,  and  in  order 
that  this  improvement  shall  come  about  in  the  comparatively 
near  future,  it  should  be  started  and  carried  forward  system¬ 
atically  and  continually. 

There  is  no  doubt  that  the  present  conditions  are  partly 
the  fault  of  the  engineer.  A  capable  but  untechnical  works 
manager  has  to  find  that  that  he  needs  technical  men  in  his 
organization  in  two  ways;  either  by  learning  from  an  associate 
or  competing  company  that  they  have  higher  grade  men  than 
he  has,  and  in  order  to  hold  his  own  he  must  get  the  same  grade 
of  men ;  or  he  finds  out  by  chance  from  the  work  of  some  young 
technical  men  who  may  have  found  their  way  by  different  means 
into  his  own  organization.  In  any  case  it  is  the  work  of  the 
engineer  which  is  the  one  thing  that  must  create  a  demand  for 
him  in  the  operating  personnel  of  an  organization.  In  many 
cases  the  technical  man  does  not  make  himself  prominent  enough 
by  his  work,  and  therefore  his  capacity  is  not  being  utilized 
where  it  should  be,  and  is  required.  He  is  either  too  modest  or 
does  not  realize  the  opportunity  which  exists.  This  does  not 
mean  at  all  that  a  technical  man  must  be  conceited  or  egotistic 
in  order  to  advertise  himeslf,  but  in  very  many  cases  the  operat¬ 
ing  heads  of  organizations  do  not  have  technical  knowledge 
enough  to  enable  them  to  know  what  a  technical  man  can  or 
should  do,  and  certainly  there  is  nothing  wrong  with  the  tech¬ 
nical  man’s  showing  what  he  can  and  will  do  if  given  the  oppor¬ 
tunity  to  fit  himself  into  the  organization.  I  have  over  and  over 
again  heard  engineers,  in  discussing  certain  technical  matters 
say,  “I  do  not  know  what  they  are  going  to  do  about  it,"  re¬ 
ferring  by  “they”  collectively  to  certain  officials  in  whose  hands 
the  official  decision  would  finallv  rest.  In  such  cases  I  always 
feel  like  saying,  “What  are  you  going  to  do  about  it?”  1  do 
not  mean  by  this  that  the  subordinate  should  usurp  the  function 
of  the  executive  and  make  the  decision,  but  in  such  cases  it  is 
surely  the  business  of  the  technical  man  to  investigate  every 
phase  of  the  matter  thoroughly  and  place  all  the  facts  connected 
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therewith  before  the  manager.  Very  often  when  the  facts  are 
fully  known,  the  conclusion  is  so  apparent  that  no  discussion 
whatever  is  required.  The  technical  man  should  certainly  ap¬ 
preciate  that  it  is  part  of  his  business  to  have  a  better  and  deeper 
insight  into  the  various  technical  problems  which  continually 
arise  in  the  operation  of  large  works  than  has  his  superior  who 
must  be  concerned  with  a  great  many  other  interests — especially 
if  the  latter  be  an  untechnical  man ;  he  should  therefore  make 
it  his  business  to  study  this  technical  aspect  of  all  such  problems, 
and  place  the  facts  in  clear  language  and  a  proper  manner 
before  the  manager  so  that  the  decision  reached  may  be  based 
on  the  truth,  and  not  on  assumptions  or  opinions. 

It  is  comparatively  but  a  short  time  ago  that  the  works 
engineer  confined  almost  all  his  efforts  to  the  drafting  room. 
He  made  of  himeslf  a  technical  monk  with  the  drafting  room  as 
his  monastery,  away  from  the  noise  and  dirt  of  the  works.  He 
was  not  at  all  familiar  with  the  operating  conditions  or  manu¬ 
facturing  process,  and  in  many  cases  had  no  desire  to  be.  He 
kept  reasonably  short  hours,  a  clean  collar,  and  was  satisfied 
with  himself,  or  at  least  he  seemed  to  be.  This  condition  is 
gradually  changing,  but  engineers  now  having  to  do  with  works 
conditions  can  do  much  toward  accelerating  this  change  by  their 
own  work;  by  simply  showing  in  a  quiet  way  without  argument 
or  complaint  what  results  can  be  produced  by  the  thorough  and 
conscientious  application  of  technical  knowledge  and  methods, 
even  in  lines  where  previously  such  knowledge  or  methods  were 
never  considered  as  necessary.  The  province  in  which  he  works 
may  be  small  at  first,  but  if  the  work  is  done  right  undoubtedly 
the  field  will  be  increased,  and  a  few  good  examples  will  do  much 
to  create  a  demand  for  more,  eventually  resulting  in  a  large 
increase  in  the  capacity  of  the  personnel  of  the  organization. 

In  this  country,  as  just  stated,  the  engineer  has  confined 
himself  largely  to  construction  work.  We  do  not  have  the  Be- 

triebs-Ingenieur  so  frequently  met  in  German  works,  who  is 
required  to  be  just  as  much  a  man  of  large  capacity  as  his 

brother  the  designing  or  construction  engineer.  What  is  needed 
most  here  is  a  large  development  of  Betriebs-Ingenieur — en¬ 
gineers  who  operate ;  but  no  matter  what  the  title  may  be,  the 
important  thing  which  must  be  kept  in  mind  is  that  there  is  a 
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serious  need  of  technical  knowledge  and  assistance  in  the  opera¬ 
tion  of  works,  and  that  the  work  of  technical  men  now  engaged 
in  such  practice  must  be  of  such  character  that  the  need  of  more 
is  emphasized. 

Another  matter  which  has  already  been  mentioned  is  the 

w 

lack  of  any  systematic  method  of  starting  young  technical  men 
in  the  steel  works.  A  number  of  railroad  companies,  large 
electric  companies,  and  many  other  kinds  of  companies  engaged 
in  special  manufacture  have  studied  this  matter  quite  thor¬ 
oughly,  and  various  systems  have  been  adopted,  the  purpose 
of  which  is  to  start  young  technical  men  properly  and  to  direct 
them  along  various  lines  in  their  respective  organizations.  In 
Europe  and  particularly  in  Germany,  there  seems  to  be  full  ap- 
precitaion  of  the  fact  that  in  this  respect  more  than  any  other, 
does  the  success  of  the  future  depend  on  the  care  of  the  present, 
and  the  training  which  the  young  ma  nreceives  and  his  introduc¬ 
tion  to  and  guidance  in  the  organization,  is  such  as  to  secure  the 
best  results  to  both.  In  this  country  there  is  no  system,  and  the 
general  practice  is  very  much  like  what  developing  a  swimmer 

would  be  if  he  were  carefully  shown  the  various  movements  of 
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legs  and  arms  that  were  necessary  in  order  to  keep  afloat,  and 
then  suddenly  picked  up  and  thrown  into  the  water.  It  is  too 
much  to  expect  that  a  very  large  number  would  learn  to  swim 
under  such  treatment. 

I  have  thought  that  as  the  works  are  organized  at  present, 
there  should  be  some  technical  man  of  good  common  sense  and 
"  judgment,  part  of  whose  duty  it  should  be  to  look  after  the  plac¬ 
ing  and  developing  of  young  technical  men.  in  the  organization. 
This  technical  officer  ought  to  handle  each  man  according  to  the 
same  method  that  he  would  follow  if  he  were  buying  a  high 
class  machine.  For  instance,  he  should  learn  all  that  he  can 
about  what  the  man  can  and  cannot  do ;  his  natural  qualifica¬ 
tions,  education  and  experience,  etc.,  in  all  detail,  the  same  as 
has  been  already  suggested  under  the  discussion  of  individual 
capacity.  After  all  this  has  been  learned  the  technical  man 
making  the  investigation  should  advise  the  manager,  the  par¬ 
ticular  line  for  which  the  applicant  is  best  adapted,  or  if  he  is  not 
suited  for  steel  works  conditions,  the  manager  can  be  so  advised, 
thereby  avoiding  a  lot  of  trouble  later.  This  whole  proceeding 
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is  simply  following  the  same  general  method  that  would  be  pur¬ 
sued  in  making  a  mechanical  installation  and  a  machine  were 
being  purchased ;  with  this  difference,  that  while  this  same  gen¬ 
eral  method  will  be  followed,  it  will  defeat  the  very  ends  Avhich 
•it  is  desired  to  attain,  if  the  man  is  treated  as  though  he  is  noth¬ 
ing  but  a  machine.  There  is  nothing  which  will  more  quickly 
insult  the  sensibilities  and  blunt  the  enthusiasm  of  the  young 
technical  man  than  simply  to  treat  him  as  though  he  were  devoid 
of  all  human  traits,  and  nothing  but  a  plug  temporarily  driven 
into  a  hole,  to  be  knocked  out  again  if  it  does  not  fit  properly. 

Desirable  places  for  starting  young  technical  men  in  the 
works  are  the  drafting  room,  general  experimental  work  of 
various  kinds,  mechanical  department,  chemical  and  physical 
laboratories,  etc.  The  trouble  is  that  under  existing  conditions, 
these  places  are  regarded  somewhat  as  quiet  pools,  separate  from 
the  main  stream  of  operation — sometimes  stagnated  and  con¬ 
taining  considerable  miscellaneous  driftwood.  This  condition 
is  entirely  wrong.  There  ought  to  be  moving  through  these  de¬ 
partments  a  number  of  young  and  capable  technical  men  who 
are  in  process  of  being  fitted  for  other  and  larger  subordinate 
positions.  The  specification  and  some  kind  of  a  record  of  each 
young  technical  man  in  a  works  should  be  kept  for  reference ; 
they  should  be  made  to  meet  the  general  technical  officer  who 
has  had  charge  of  their  placement,  at  least  once  every  month 
for  the  purpose  of  holding  a  seminar  at  which  each  man  should  be 
made  to  give  the  important  points  of  his  technical  work,  or  obser¬ 
vations  which  he  has  made  since  the  previous  meeting.  In  this 
kind  of  discussion  there  should  be  no  personalities  allowed  with 
reference  to  any  proceedings  in  any  of  the  departments  in  which 
these  men  are  engaged.  There  should,  however,  be  some  oppor¬ 
tunity  for  private  hearing  of  special  matters  with  the  technical 
officer  so  that  he  may  advise  if  it  seems  necessary  with  the  man¬ 
ager;  this  insures  every  technical  man  getting  a  square  deal, 
and  at  the  same  time  the  company  getting  a  proper  return  from 
the  use  that  is  made  of  the  technical  men.  This  arrangement 
would  not  interfere  in  any  way  with  the  regular  discipline  of 
the  organization,  and  would  prevent  the  promiscuous  placing  of 
technical  men  in  positions  for  which  they  are  entirely  unsuited. 
It  would  prevent  the  untechnical  superintendent  or  foreman 
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from  being  the  court  of  last  resort  which  determines  the  precise 
moment  when  the  young  man  has  failed  to  make  good,  and  is 
to  be  thrown  out  in  consequence;  above  all,  it  will  secure  some 
guiding  advice  to  all  young  technical  men  no  matter  what  their 
positions,  and  insure  their  being  developed  along  the  lines  which 
are  mutually  beneficial  to  themselves  and  the  company. 

This  arrangement,  or  some  similar  one  with  the  details 
varied  to  suit  local  conditions,  insures  a  continuous  supply  of 
very  good  raw  material  out  of  which  are  gradually  formed  men 
whose  capacities  are  such  as  to  enable  them  to  be  used  to  fill 
all  the  various  important  and  subordinate  positions  of  the  or¬ 
ganization.  In  this  way  the  company  or  works  is  continually 
developing  and  building  up  the  human  side  of  its  operating 
mechanism  by  a  systematic  method  in  which  the  same  care  is 
exercised  as  is  given  to  the  mechanical  side.  Such  a  systematic 
method  followed  long  enough  will  insure  all  important  positions 
being  filled  with  men  of  such  capacity  that  they  do  not  simply 
hold  the  jobs  but  actually  fill  the  positions.  As  an  example, 
the  chief  draftsman,  engineer  or  master  mechanic  should  be 
logical  candidates  for  the  position  of  assistant  superintendent 
or  assistant  manager.  There  are  no  positions  in  a  works  in 
which  a  man  gets  more  intimate  or  general  knowledge  of  all  the 
mechanical  equipment  and  processes  than  is  obtained  in  these 
positions.  This  kind  of  experience  together  with  the  training 
obtained  in  handling  men,  which  he  also  receives,  combined  with 
proper  previous  education  makes  the  right  combination  for  the 
assistant  just  mentioned.  It  is  hardly  overstating  the  matter 
to  say  that  men  should  not  be  given  these  principal  subordinate 
positions  unless  there  is  every  probability  that  they  can  be 
later  promoted  to  those  still  more  important  general  positions. 
The  lack  of  attention  to  such  matters  leads  to  dissatisfaction, 
inefficiency  and  very  frequently  the  loss  of  good  men  that  other¬ 
wise  would  remain  in  the  organization. 

In  all  of  this  foregoing  discussion  I  have  had  but  one  main 
thought  in  mind.  The  improvement  of  the  operating  personnel, 
with  the  same  care  and  by  the  same  methods  as  are  now  followed 
with  the  mechanical  equipment.  This  requires  time  to  train  men 
and  get  results ;  it  means  a  great  variety  of  individuals  and  con¬ 
ditions  to  deal  with.  The  business,  or  unteehnical,  manager 
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must  be  made  to  realize  more  what  is  required,  from  the  work 
of  the  technical  men  who  have  already  started.  Some  one  has 
defined  an  engineer  as  a  man  who  can  do  with  the  expenditure 
of  $1000  what  anybody  could  do  with  an  expenditure  of  twice 
that  amount.  For  the  engineer  in  any  capacity  in  the  steel 
works  this  definition  should  surely  be  enlarged;  he  is  one  es¬ 
pecially  fitted  by  education,  training  and  experience,  to  improve 
quality,  reduce  cost,  increase  capacity,  or  these  three  in  any 
combination,  by  scientific  methods.  His  is  not  purely  the  work 
of  constructing  foundations,  installing  machinery  and  erecting 
buildings.  It  is  to  combine  with  others  in  united  effort  in  the 
formation  of  a  complicated  and  highly  developed  manufacturing 
mechanism,  which  by  every  important  test  or  standard,  shall 
compare  most  favorably  with  any  similar  mechanism  which  may 
exist  in  any  country.  It  is  the  duty  of  the  engineer  to  broaden 
his  viewpoint,  so  that  he  takes  in  the  entire  field  of  manufac¬ 
turing,  in  which  he  sees  his  own  work  in  its  proper  perspective ; 
to  make  practical  application  of  scientific  laws  in  the  arts  and 
processes  of  manufacture;  to  search  out  the  truth  upon  which 
all  true  progress  must  be  based;  to  execute  so  faithfully  and 
conscientiously  such  work  as  may  come  to  his  hand  that  the 
standard  of  attainment  in  our  works  may  be  raised,  thus  keep¬ 
ing  them  apace  in  the  progress  made  by  other  leading  nations 
of  the  world. 


SIMPLE  METHOD  FOR  DETERMINING 
STRESSES  IN  HINGELESS 
ELASTIC  ARCH  RIBS 


By  T.  J.  WlLKERSON* 
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It  is  not  within  the  scope  of  this  paper  to  go  into  the 
mathematical  proof  of  the  theory  of  the  hingeless  elastic  arch 
since  that  part  of  the  subject  has  already  been  very  fully  covered 
by  several  very  able  writers. 

Before  entering  upon  the  detailed  description  of  the  follow¬ 
ing  described  method,  I  desire  to  call  attention  to  the  fact  that 
I  do  not  claim  it  to  be  absolutely  mathematically  correct,  but 
that  it  is  sufficiently  near  correct  for  all  practical  purposes  for 
arches  whose  span  is  under  350  ft.  and  where  the  center  line 
of  the  rib  follows  very  closely  the  load  line  for  dead  loads.  Also 
the  errors  from  the  method  will  be  small  when  compared  with 
that  due  to  assumptions  for  live  loads  and  the  unit  stresses  for 
the  various  materials  used  in  construction.  In  some  cases  where 
I  have  checked  the  results  from  this  method  by  the  more  labo¬ 
rious  methods  I  have  found  the  errors  very  slight  and  in  all 
cases  on  the  side  of  safety. 

General :  As  the  hingeless  elastic  arch  is  particularly  ap¬ 
plicable  to  a  reinforced  concrete  structure  I  have  selected  for 
my  example,  in  describing  the  method,  the  Murray  Avenue 
bridge  over  Win.  Pitt  Boulevard.  This  method,  however,  could 
be  used  for  a  steel  rib  with  slight  modifications  as  to  propor¬ 
tioning  of  sections,  and  doubtless  the  errors  would  be  less  than 
for  concrete  ribs,  as  the  moment  of  inertia  of  the  rib  would 
more  nearly  conform  with  the  fundamental  law  of  increase  of 
moment  of  inertia  from  the  crown  directly  with  the  secant  of 
the  angle  of  deflection. 

Presented  before  the  Structural  Section,  January  7,  1913,  and  published 
in  the  March  Proceedings. 

♦Division  Engineer,  Bureau  of  Construction,  City  of  Pittsburgh. 
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In  the  following  example  I  have  carried  the  work  out  in 
detail  to  a  much  greater  extent  than  is  necessary  in  the  usual 
design. 

Loading :  In  addition  to  all  dead  loads  the  structure  was 
designed  to  carry  the  following  assumed  live  loads : 

Floor  system  and  columns :  A  continuous  line  of  35  ton 
trolley  cars  on  both  tracks;  a  15  ton  truck  having  10  tons  on 
rear  axle  with  axles  spaced  10  ft.  center  to  center,  five  foot  gage, 
on  any  part  of  roadway  floor;  a  uniform  load  of  125  lb.  per  scp 
ft.  on  all  roadway  floor  not  occupied  by  cars  or  truck;  and  on 
sidewalks  a  concentrated  load  of  2500  lb.  at  any  point  or  100 
lb.  per  sq.  ft.  of  floor.  In  all  cases  the  loading  giving  the  maxi¬ 
mum  stresses  were  used. 

For  arch  ribs :  The  equivalent  uniform  load  for  a  con¬ 
tinuous  line  of  35  ton  trolley  cars  on  each  track,  which  is  1570 
pounds  per  linear  foot  of  each  track,  and  in  addition  a  uniform 
load  of  125  lb.  per  sq.  ft.  on  that  part  of  roadway  not  occupied 
by  cars,  and  75  lb.  per  sq.  ft.  of  floor  on  sidewalks,  making  a 
total  of  7240  lb.  per  lineal  foot  of  bridge. 

Modulii  of  Elasticity :  Throughout  the  design  it  was  as¬ 
sumed  that  the  modulus  of  elasticity  of  steel  was  fifteen  times 
that  of  concrete. 

Allowed  Unit  Stresses :  Floor  system:  Tension  on  steel 
1400  lb.  per  sq.  in. ;  compression  on  concrete  600  lb.  per  sq.  in. ; 
shear  on  concrete  30  lb.  per  sq.  in. 

Arch  ribs :  Compression  on  concrete  in  semi-liooped  ribs 
under  maximum  possible  conditions  of  loading  and  temperature 
stresses  800  lb.  per  sq.  in. ;  under  probable  loading  and  tem¬ 
perature  stresses  not  over  700  lb.  per  sq.  in.  Tension  on  steel 
not  to  exceed  14  000  lb.  under  any  conditions.  Shear  on  con¬ 
crete  not  to  exceed  60  lb.  per  sq.  in.  under  maximum  possible 
conditions. 

Temperature :  Provisions  were  made  for  a  change  of  tem¬ 
perature  of  60  deg.  in  the  arch  ribs,  assuming  that  they  would 
be  subjected  to  a  rise  of  20  deg.  and  a  fall  of  40  deg.  from  the 
temperature  at  which  the  ribs  are  constructed. 

Determining  Length  of  Span :  Owing  to  there  being  the 
boulevard  and  a  street  passing  under  this  bridge  it  was  neces¬ 
sary,  if  one  span  was  used,  that  it  have  at  least  a  200  ft.  clear 
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span,  so  as  not  to  encroach  upon  the  boulevard  or  street.  If 
two  spans  were  used  a  tall  pier  would  have  to  be  used  between 
them.  It  was  therefore  found  more  economical  to  use  the  oik* 
long  span,  which  was  made  210  ft.  long  between  spring  centers, 
and  the  floor  system  was  made  in  14  panels,  each  15  ft.  long. 

Floor  System  :  The  next  step  is  to  design  the  floor  system 
and  columns.  For  this  part  of  the  work  any  of  the  many  sets 
of  formulas  may  be  used,  as  they  all  give  about  the  same  results. 

Depth  of  Rib :  From  the  design  of  the  floor  system  the 
depth  from  grade  line  to  bottom  of  floor  beam  was  determined, 
and,  desiring  to  place  the  floor  beam  at  the  crown  of  the  arch 
on  tope  of  the  rib,  the  rise  of  the  arch  could  be  determined. 

To  determine  the  depth  of  the  rib  at  the  crown  use  the  fol¬ 
lowing  formula : 

/= _ l _ 

'  h  (200  to  230) 

in  which 

d— depth  at  crown. 

Z=length  of  span  between  springing  centers. 

7i=rise  of  arch. 

The  arbitrary  factor  (200  to  230)  will  vary  between  the 
two  limits  as  follows:  If  it  is  desired  to  keep  the  section  as  small 
as  possible  in  the  ribs  and  put  in  struts  for  wind  bracing,  and 
the  live  loads  on  the  bridge  are  heavy  compared  with  dead 
loads,  then  use  near  the  smaller  figure.  If,  on  the  other  hand, 
the  bridge  is  wide  and  wide  ribs  are  desired  without  transverse 
struts  between  them,  use  nearer  the  larger  figure.  (In  the 
example  herein  described  229  was  used.) 

From  the  theory  of  a  beam  fixed  at  both  ends,  having  a 
uniform  moment  of  inertia  and  uniformly  loaded  we  find  tin* 
point  of  contra  flexure  to  be  0.21  the  span  length  from  the  end.  1 
have  found  from  the  designs  I  have  made  that  the  depth  of  an 
arch  rib  having  a  uniform  width  should  increase  from  tin* 
crown  to  this  point  about  as  the  secant  of  the  angle  of  de¬ 
flection,  and  from  this  point  to  the  springing  the  increase  should 
be  such  that  the  vertical  depth  at  springing  is  at  least  twice 
the  crown  depth.  In  flat  arches  the  depth  at  springing  will  be 
somewhat  greater. 
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The  theory  of  the  arch  proves  that  for  a  uniform  load  and 
a  rib  having  its  moment  of  inertia  increasing  from  the  crown 
directly  with  the  secant  of  the  angle  of  deflection,  its  curve 
will  be  a  parabola.  As  neither  of  these  conditions  exist  it  is 
evident  the  curve  of  our  rib  will  not  be  a  true  parabola,  though 
it  will  in. most  cases  approach  it  very  nearly;  hence  for  obtain¬ 
ing  the  weights  to  be  used  for  dead  loads  it  is  close  enough  for 
us  to  use  a  parabola  for  this  purpose. 

I  next  assumed  a  width  of  ten  feet  and  calculated  the  panel 
dead  loads. 

Now  treating  the  structure  as  a  non-elastic  arch,  the  crown 
thrust  from  dead  loads  will  be  3  295  900  lb.  and  from  live  loads 
will  be  570  100  lb.  The  sum  of  these  loads  gives  a  compression 
of  475  lb.  per  sq.  in.  for  a  plain  concrete  rib.  The  moment  of 
inertia  for  a  section  at  the  crown  without  reinforcement  is 
3  752  480.  The  thrusts  caused  by  a  fall  of  temperature  of  40 
deg.  and  the  rib  shortening  will  be  86  340  lb.  and  87  100  lb. 
respectively,  and  their  sum  multiplied  by  their  lever  arm  11.666 
ft.  =  2  073  440  ft.  lb.  The  extreme  fiber  stress  due  to  this  mo¬ 
ment  is  the  moment  multiplied  by  six,  and  this  result  divided 
by  the  sectional  area  in  square  inches  multiplied  by  the  crown 
depth  in  feet,  which  equals  285  lb.  per  sq.  in.,  which  added  to 
475  lb.  per  sq.  in.  gives  670  lb.  per  sq.  in.  as  the  maximum 
fiber  stress,  which  is  below  our  allowed  maximum. 

Curve  for  Rib :  To  determine  the  curve  to  use,  lay  out  a 
dead  load  force  polygon  and  force  line  for  a  non-elastic  arch  as 
shown  in  Fig.  1,  Plate  1.  As  the  rib  shortening  and  falling 
temperature  combine  in  producing  compression  in  the  extreme 
fiber  on  the  top  side  of  rib  at  the  crown,  it  is  desirable  that  the 
dead  load  force  line  should  fall  below  the  center  line  of  the  rib, 
so  that  the  dead  load  moment  produced  thereby  will  tend  to 
equalize  those  produced  by  the  rib  shortening  and  falling  tem¬ 
perature.  Therefore,  to  properly  equalize  the  stresses  on  the- 
top  and  bottom  sides  of  the  rib,  the  moment  caused  by  the  dead 
load  at  the  crown  should  be  equal  that  caused  by  rib  shortening 
and  half  the  fall  in  temperature. 

To  satisfy  this  condition  the  dead  load  force  line  should  fall 
0.45  feet  below  the  center  line  of  the  rib.  However,  to  use  this 
amount  would  throw  the  force  line  rather  low  at  the  springing,. 
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thereby  increasing  very  materially  the  compression  on  the 
bottom  side  of  the  rib  and  give  tension  to  the  top  side  at  that 
point:  hence,  I  used  0.4  feet  as  the  desired  distance  from  the 
crown,  now  drawing  a  line  parallel  to  the  chord  and  0.4  feet 
above  same,  we  find  the  ordinate  for  the  curve  at  panel  point 
No.  3  to  be  23.75  ft.  Now  having  the  springing,  panel  point 
No.  3  and  crown  points  on  the  curve,  we  can  construct  a  three 
centered  curve  passing  through  these  points,  which  is  the  center 
line  used  for  the  arch  rib.  In  the  left  hand  half  of  Fig.  2,  Plate 
1,  are  shown  three  curves,  from  which  we  see  that  the  center 
line  of  the  rib  falls  between  a  circular  arc  and  a  parabola.  For 
arches  with  smaller  rise  than  this  example,  the  rib  curve  will 
approach  nearer  the  parabola,  and  for  higher  rises  the  circular 
arc. 

Ordinates:  We  next  calculated  the  area  enclosed  between 
the  center  line  of  rib  and  the  chord  passing  through  the  points 
of  springing  and  find  the  rise  of  a  parabola  of  equal  area. 

We  can  now  find  the  ordinate  for  the  intersection  locus  for 
the  equivalent  parabola,  as  it  is  6/5  the  rise.  As  the  rise  of  the 
equivalent  parabola  is  0.3105  feet  greater  than  for  the  center 
line  of  rib,  the  intersection  locus  for  the  rib  will  be  that  much 
below  that  for  the  equivalent  parabola. 

In  the  right  hand  half  of  Fig.  2,  Plate  1,  is  shown  the 
center  line  of  the  rib,  the  equivalent  parabola  and  the  location 
of  the  intersection  locus  for  each.  The  true  intersection  locus 
will  lie  between  the  two  shown  as  straight  lines  and  will  coin¬ 
cide  with  that  shown  for  the  arch,  excepting  for  the  end  panel 
points,  and  as  the  variation  from  the  straight  line  is  so  slight 
the  error  made  by  using  the  straight  line  is  very  small. 

The  ordinates  Y1  and  Y2  are  found  by  the  following  for¬ 
mula: 

y  _  2 h  f  l  —  10CC  \  yr  _  2k  /  l  1  0  X  \ 

-1  •  15  VZ-  2x  )  2  15  \  l  ■  2x  ) 

in  which 

Z=length  of  span. 

#=distance  from  crown  to  point  for  which  ordinates  Y, 
and  Y2  are  desired. 

h= rise  of  equivalent  parabola. 


Plate  No. 
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By  the  application  of  these  formulae  the  ordinates  for  all 
the  panel  points  were  found  and  tabulated,  as  shown  on  Plate  1. 

Dead  Load:  Lav  out  center  line  of  arch  rib  intersection 
locus  for  arch  and  the  ordinates  Y1  and  Y2  and  draw  the  force 
lines  as  shown  on  Fig.  1,  Plate  2.  Then  lay  oft*  the  panel  loads 
and  draw  their  reaction  components  parallel  to  the  force  lines. 

Then  draw  the  component  polygon.  The  vertical  to  the 
horizontal  U.P.  through  Y  should  equal  the  vertical  end  reaction 
and  can  be  scaled  to  check  the  accuracy  of  the  drawing. 

Then  assume  any  point  P  as  a  pole.  (I  find  it  more  con¬ 
venient  to  locate  this  point  on  the  horizontal  line  through  U  at 
its  intersection  with  a  line  through  V  drawn  perpendicular  to 
the  force  line  for  panel  point  No.  13.)  We  can  now  construct 
the  reciprocal  polygon  beginning  at  any  convenient  point  on 
the  vertical  line  through  the  springing.  Draw  l  -P,  A-P ,  B-P , 
etc.,  parallel  to  their  corresponding  rays  of  the  component  poly¬ 
gon.  We  can  now  draw  in  the  force  lines  in  Fig.  1.  Draw  a 
line  through  U-V  in  the  component  polygon  and  parallel  to  this 
line  draw  a  line  in  Fig.  1  through  the  intersection  of  U  P  with 
V-P  and  we  have  the  location  and  direction  of  the  reaction  and 
from  the  component  polygon  we  can  get  its  intensity. 

By  this  method  we  can  find  the  stress  in  any  section,  re¬ 
gardless  of  the  other  sections.  We  will  now  find  the  stress  in 
section  I-I.  The  forces  passing  through  the  section  will  be 
the  left  hand  reactions  from  loads  No.  3  to  No.  13  inclusive  and 
the  right  hand  reactions  of  loads  No.  1  and  Xo.  2.  Produce  the 
line  C-P  in  the  reciprocal  polygon  until  it  interescts  Y-P. 
Through  their  intersection  draw  c-v  parallel  to  a  line  through 
C-Y  of  the  component  polygon  until  it  intersects  the  line  1'2' 
drawn  tangent  to  the  tangent  curve  and  parallel  to  a  line  through 
V-C'  of  the  component  polygon  and  through  this  intersection 
draw  c-c  parallel  to  a  line  through  C-C  of  the  component,  poly¬ 
gon.  This  line  gives  the  location  and  direction  of  the  component 
of  all  forces  producing  stress  in  the  section;  and  the  line  C-(,r 
of  the  component  polygon  will  be  its  intensity. 

The  axial  thrust  due  to  this  component  is  shown  by  a  line 
drawn  through  C'  of  the  component  polygon,  parallel  to  a  tan¬ 
gent  to  the  center  line  of  the  arch  rib  at  the  point  where  sec- 


WILKERSON — STRESSES  IN  IIINGELESS  ELASTIC  ARCH  RIBS  93 

tion  is  taken,  and  intersecting  a  line  through  C  drawn  perpen¬ 
dicular  to  the  axial  thrust  line. 

Having  carried  out  the  same  operations  for  all  the  panel 
points,  the  results  can  be  tabulated  and  the  resultant  extreme 
fiber  stress  found  for  the  top  and  bottom  sides  of  the  rib  at  each 
panel  point,  as  shown  in  table  on  Plate  2. 

Live  Loads :  Lay  out  the  center  line  of  rib,  intersection 
locus,  force  lines,  component  and  reciprocal  polygons  same  as 
was  done  for  dead  loads.  Then  determine  in  the  following  man¬ 
ner  what  panels  should  be  loaded  to  produce  maximum  com¬ 
pression  in  the  top  and  bottom  sides  of  the  rib  at  the  several 
panel  points: 

For  the  top  side  of  the  rib,  say  at  point  No.  3,  we  see  that 
the  left  hand  reaction  rays  for  points  No.  1-2-3-4-5  pass  above 
the  center  of  the  rib,  so  these  panels  only  should  be  considered 
loaded  for  maximum  stress  in  top  of  rib,  and  for  the  bottom 

side  of  the  rib,  panels  No.  6  to  No.  13  inclusive  should  be  loaded, 

* 

as  their  rays  pass  below  the  center  line  at  point  No.  3. 

It  is  quite  convenient  to  tabulate,  as  shown  on  Plate  3, 
showing  how  the  span  is  to  be  loaded  for  both  sides  of  rib  for 
each  panel  point. 

We  can  now  proceed  with  our  stresses.  Taking  a  section 
at  X-X  just  to  the  left  of  panel  point  No.  3.  From  our  tabula¬ 
tion  we  see  that  to  produce  maximum  compression  in  top  side 
of  rib,  panels  No.  1  to  No.  5  inclusive  will  be  loaded ;  as  loads 
No.  1  and  No.  2  are  to  left  of  section,  their  right  Iiand  reaction 
components  pass  through  the  section,  and  for  loads  No.  3-4-5 
their  left  hand  reaction  components  pass  through  the  section. 
In  the  reciprocal  polygon,  produce  P-C  and  P-F  until  they 
intersect.  Through  their  intersection  and  parallel  to  a  line 
through  C  and  F  in  the  component  polygon  draw  c-f  until  it 
intersects  with  a  line  l'-2'  drawn  tangent  to  the  tangent  curve 
and  parallel  to  a  line  through  V-C'  of  the  component  polygon. 
Then  in  the  component  polygon  from  the  point  F  draw  a  line 
parallel  and  equal  to  the  component  V-C'  and  through  C  and 
the  terminus  of  this  component  draw  line  3fc,  and  parallel  to  this 
line  and  through  the  intersection  of  l'-2'  and  c-f  draw  the  re¬ 
sultant  location  and  direction  line.  The  line  3l  of  component 
diagram  gives  the  intensity  of  the  force. 


Con7^o/r^-/rr  Fct  Y&o/r 
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For  the  bottoih  side  of  the  rib  we  see  all  the  loads  are  on 
the  left  of  the  section,  so  only  the  left  hand  reaction  components 
will  pass  through  the  section. 

Produce  P-F  until  it  intersects  P-V,  and  through  their 
intersection  draw  f-v  parallel  to  a  line  through  F-V  of  com¬ 
ponent  polygon,  which  is  the  resultant  location  and  direction 
of  the  forces,  and  F-V  of  the  component  polygon  is  the  inten¬ 
sity  of  the  force. 

Carrying  out  the  same  for  all  panel  points,  and  determin¬ 
ing  the  axial  thrusts  in  the  same  manner  as  described  for  dead 
loads,  we  can  now  tabulate  our  results  and  calculate  the  re- 
sultant  extreme  fiber  stresses,  as  shown  in  the  table  for  live  load 
stresses,  Plate  4. 

Temperature  and  Rib  Shortening :  There  seems  to  be  a 
diversity  of  opinion  among  the  authors  as  to  what  section  of 
the  rib  should  be  considered  when  calculating  the  temperature 
and  rib  shortening  thrusts.  Some  say,  use  a  section  at  the 
crown,  and  others  say,  use  an  average  section.  It  seems  to  me 
that  a  section  taken  where  the  thrust  line  intersects  the  center 
line  is  the  proper  location. 

On  Plate  3  is  shown  a  section  through  the  rib  at  this  point, 
giving  the  reinforcement,  which  is  the  same  throughout  the 
rib  and  its  moment  of  inertia.  The  temperature  thrust  is  calcu¬ 
lated  by  using  the  formula, 

_  45  E  I  W  t 

Hl  =  — W 

in  which 

F=modulus  of  elasticity  of  concrete 

Z=moment  of  inertia 

TF=coefficient  of  expansion  for  one  degree  rise  in  tem¬ 
perature 

7i=rise  of  arch  in  inches. 

The  rib  shortening  thrust  is  calculated  by  the  formula, 

45  I  S 


HP 


in  which  I  and  li  represent  the  same  factors  as  in  the  tempera¬ 
ture  thrust  formula  and 

$=average  compressive  stress  per  square  inch  due  to  all 
loads. 
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We  can  now  determine  the  bending  moment  in  the  rib  at 
the  several  panel  points  by  multiplying  the  thrust  by  its  lever 
arm. 

To  determine  the  axial  thrust  we  lay  out  Fig.  2,  Plate  3 
for  a  horizontal  thrust  of  unity  and  components  for  each  of  the 
panel  points;  then  by  multiplying  the  horizontal  thrusts  from 
temperature  and  rib  shortening  by  the  panel  point  components 
we  obtain  the  axial  thrusts,  which  are  tension  for  rib  shorten¬ 
ing  and  falling  temperature  and  compression  for  rising  tem¬ 
perature. 

As  we  have  found  the  stresses,  due  to  loads,  temperature 
and  rib  shortening,  it  only  remains  to  summarize  them  and 
finally  analyze  our  results  and  determine  if  they  are  satisfactory. 

References :  While  developing  this  method,  I  referred  often 
to  the  following  books : 

Elastic  Arches,  by  Jos.  W.  Balet. 

Roofs  and  Bridges,  by  Merriman  &  Jacoby. 

Modern  Framed  Structures,  by  Johnson,  Bryan  &  Turne- 
aure. 

Principally  from  the  first  mentioned  author,  whose  graph¬ 
ical  method  I  have  attempted  to  simplify  as  much  as  possible. 

Details  of  Design :  Perhaps  a  few  words  on  the  design  of 
details  would  be  of  interest  as  an  appendix  to  the  determining 
of  the  stresses. 

One  point  I  desire  to  call  attention  to  is  the  location  of  the 
expansion  joints  in  the  floor  system  of  long  spans. 

On  the  Meadow  Street  bridge  these  joints  were  located  at 
the  main  piers,  directly  over  the  springing  point  of  the  ribs. 
Observations  show  that  the  first  two  columns  adjacent  to  the 
main  piers  have  been  severely  stressed  by  temperature.  Owing 
to  this  fact  it  was  thought  advisable  to  change  the  location  of 
those  on  the  Larimer  Avenue  bridge,  so  the  expansion  would  be 
in  the  panel  over  the  point  in  the  rib  where  the  temperature 
thrust  line  crosses  the  center  line  of  the  rib.  Our  observations 
so  far  shows  that  the  expansion  joints  show  movement  and  no 
columns  show  any  signs  of  being  unduly  stressed.  Hence  I  am 
satisfied  that  this  is  the  proper  location  for  the  expansion  joints. 

Throughout  our  concrete  bridges  we  have  used  bronze  plates 
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for  sliding  bearings,  as  steel  plates  would  likely  rust  together, 
owing  to  the  movement  being  small;  they  would  also  likely  dis¬ 
color  the  concrete  from  their  corrosion. 

Rib  Reinforcement :  Owing  to  it  being  impossible  to  pre¬ 
vent  settlement  in  the  falsework  for  ribs,  the  steel  should  be 
built  in  sections  and  practically  all  the  concrete  in  the  ribs 
placed  before  the  field  joints  between  sections  are  made,  thus 
preventing  an  undue  amount  of  initial  compression  in  the  steel. 

It  should  be  borne  in  mind  that  nearly  all  brands  of  cement 
shrinks  in  setting,  hence  columns  and  walls  should  be  so  detail¬ 
ed  that  their  caps  and  coping  can  be  placed  after  the  body 
has  set. 

In  all  cases  care  should  be  exercised  to  design  the  work  so 
that  settlement  of  falsework  or  springing  of  forms,  which  often 
cannot  be  prevented,  will  not  cause  injury  or  weakness  to  the 
finished  structure. 

DISCUSSION 

Mr.  J.  S.  Martin*  :  I  have  listened  to  this  paper  with  a 
great  deal  of  pleasure  and  have  studied  it  with  much  interest, 
and  while  I  agree  with  much  that  has  been  said,  yet  I  hope  Mr. 
AVilkerson  will  pardon  me  if  1  take  exception  to  several  points 
in  his  paper. 

A  minor  exception  could  be  taken  to  his  statement  with 
regard  to  the  load  force  line  for  a  uniform  load  being  a  parabola 
when  the  moment  of  inertia  of  the  arch  rib  varies  as  the  secant 
of  the  angle  of  deflection  of  the  arch  rib. 

The  load  force  line  for  a  uniform  load  will  be  a  parabola 
regardless  of  the  variation  of  the  moment  of  inertia  of  the 
arch  rib. 

My  first  serious  objection  to  the  methods  of  design  adopted 
would  be  with  regard  to  the  attempt  to  equalize  the  stresses  by 
raising  the  neutral  axis  of  the  arch  0.4  of  a  foot  above  the  load 
force  line. 

In  a  compression  or  non-elastic  arch,  the  theory  usually 
followed  is,  that  if  a  load  force  line  can  be  drawn  for  any 
condition  of  loading,  which  is  likely  to  occur,  and  every  part  of 
this  line  falls  within  the  middle  third  of  the  arch  rib;  then  the 

♦Engineering'  Department,  Pittsburgh  Railways  Company,  435  Sixth 
Ave.,  Pittsburgh. 
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arch  is  safe,  providing  the  safe  compressive  strength  of  the 
material  used  is  not  exceeded  at  any  point. 

This  is  based  on  the  assumption,  that  the  internal  distri¬ 
bution  of  stresses  in  the  material  of  which  the  arch  is  composed, 
will  cause  it  to  settle  to,  or  rather  adjust  itself  to,  that  load 
force  line,  which  passes  nearest  to  the  neutral  axis  at  all  points, 
in  preference  to  the  myriads  of  other  load  force  lines  which 
may  be  drawn  for  the  same  loading.  This  settlement,  or  in¬ 
ternal  adjustment,  of  which  I  speak  does  not  refer  to  any  spall¬ 
ing  off  of  the  stones  at  joints  or  any  appreciable  change  of 
shape  but  only  to  the  readjustment  of  the  molecules  which  takes 
place  in  any  material  under  stress. 

Now  if  this  theory  is  correct  (and  I  see  no  reason  for  think¬ 
ing  otherwise),  then  raising  the  neutral  axis  of  the  arch  would 
only  cause  it  to  select  another  load  force  line  to  correspond  to 
the  new  form  of  the  arch. 

But  if  it  is  argued  that  the  load  force  line  of  an  elastic 
arch  is  fixed,  then  the  proposition  reduces  to  the  condition  that 
a  load  force  line  was  calculated  for  an  elastic  arch ;  the  neutral 
axis  of  the  arch  was  raised  0.4  of  a  foot,  and  the  load  force  line 
is  expected  to  remain  as  it  was  calculated  for  the  first  arch. 
.In  other  words,  one  arch  was  designed  for  the  calculation  of  the 
stresses  due  to  dead  loading  and  another  arch  0.4  of  a  foot 
higher  was  built. 

A  still  more  serious  objection  1  would  make,  would  be  to 
the  formulae  used  in  the  calculations  made. 

In  order  that  mathematical  formulae  may  be  intelligently 
used,  it  is  a  good  thing  if  the  user  is  able  to  work  out  these 
formulae  himself.  He  should  at  least  know  the  principles  on 
which  they  are  based,  the  conditions  they  are  supposed  to  meet 
and  in  case  of  many  engineering  formulae  the  assumptions  made 
as  a  basis  of  calculation ;  but,  above  all  things,  the  user  must 
know  the  limitations  of  these  formulae. 

The  formulae  used  by  Mr.  Wilkerson  are  those  given  in 
the  text  books  and  are  based  on  the  assumption  that  the  moment 
of  inertia  varies  as  the  secant  of  the  angle  of  deflection  of  the 
arch  rib,  that  is : 

/<>  sec  0  =  I a 
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in  which 

7o  =  Moment  of  inertia  at  the  crown. 

Ja  =  Moment  of  inertia  at  any  point  in  arch. 

0  =  Angle  of  deflection  at  that  point. 

The  reason  for  this  assumption  is  that  it  makes  the  calcu¬ 
lation  easy. 

The  three  principal  equations  in  the  calculation  of  hinge¬ 
less  elastic  arches  are : 


\I  ds 
El a 

M  x  ds 
E  /a 

M  y  ds 


=  0 

=  0 

=  0 


in  which 

Z=Length  of  arch. 

£T=Modulus  of  elasticity  of  material. 
cZs==Any  infinitesimal  segment  measured  along  the  arch 
rib. 

x  and  y  are  measured  from  the  left  hand  springing  point 
of  the  neutral  axis  as  an  origin. 


If  a  parabolic  arch  is  assumed,  these  equations  are  difficult 
to  integrate  unless  we  reduce  them  to  terms  of  x  or  y. 

But  we  find 

ds=dx  sec.  6 

then  we  have 


M  dx  sec.  0  _ 

E  7a  _ 

M  x  dx  sec.  0 

iTTaT 

y  dx  sec.  0 
E  /a 


0 

0 


These  can  be  integrated  if  7a  is  a  constant  or  if  a  defi¬ 
nite  relationship  can  be  established  between  7a  and  x. 

If  7 a  is  made  to  equal  7o  sec.  0  then  the  calculations  are 
simplified  as  follows : 
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Jl  M  dx  sec.  0 
o  E  J0  sec •  ^ 

F  i  JJ  x  dx  sec.  0 
Jo  E  I0  sec.  0 

r  i  M  y  dx  sec.  0  /* 

J  o  E  In  sec.  0  J  o 


'  i  M  dx 


0 


-j 


0  E  /„ 

J/  a:  (/.r 


E  I, 


=  0 


*  1  JJ_2/  dx 
~E  70 


0 


These  equations  are  easy  of  solution  and  from  these  the 
formulae  used  by  Mr.  Wilkerson  are  developed.  The  moment 
of  inertia  used  in  these  formulae  is  taken  at  the  crown  of  the 
arch,  as  can  be  seen  from  the  foregoing  simplification  of  equa¬ 
tions.  This  is  also  demonstrated  in  at  least  two  of  the  works, 
referred  to  by  Mr.  Wilkerson  in  his  paper,  “ Roofs  and  Bridges'' 
by  Merriman  &  Jacoby,  and  “Modern  Framed  Structures’  *  by 
Johnson,  Bryan  and  Turneaure. 

In  the  arch  under  discussion,  the  form  is  so  nearly  parabo¬ 
lic  that  the  parabolic  formulae  are  practically  correct,  but  the 
moment  of  inertia  does  not  vary  directly  as  the  secant  of  the 
angle  of  inclination  of  the  arch  rib. 

The  question  then  is :  Does  it  make  any  material  difference 
in  the  proper  methods  of  calculating  stresses?  It  does,  most 
decidedly.  Taking  as  an  illustration  the  stresses  due  to  changes 
in  temperature :  If  the  moment  of  inertia  varies  as  the  secant 
of  the  angle  of  slope,  the  horizontal  thrust  or  pull  due  to  these 
changes  is  found  by  the  formula, 


Tr  45  E  Jo  W  t 

11 1  —  - .  ;  6 - 

4  h~ 

where 

Ht=Horizontal  thrust  or  tension  due  to  expansion  or 
contraction  due  to  temperature  change. 
F==Modulus  of  elasticity. 

70=Moment  of  inertia  at  crown  of  arch. 

W= Coefficient  of  expansion. 
jli=Bending  moment  in  inch-pounds. 

£=Number  of  degrees  change  in  temperature. 
h=R ise  of  arch  in  inches. 


The  height  of  the  line  of  this  thrust  or  pull  above  the 
springing  line  is  found  by  the  formula, 
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?/:  =  T  h 

If  the  moment  of  inertia  varies  as  the  fourth  power  of  the 
secant  of  the  angle  of  deflection  then  we  have  the  following 
revised  formula: 


E  Jo  W  t 


H  t  = 


P  (L  ,  3/ 

,2  T" 


(64  h  1  2048 


h?)loge  [rl1  +  a 


1  ~b 


r 


16 /r 


)] 


1 


( 


h  .  l  +  ±JL\ 

,,  ,  J  ,  ,  F  \h  ‘  2  '  32  h?) 

64  1  +r6i? 

the  relation  holding 

q  =  h  —  y i 

For  the  height  of  line  of  thrust  of  pull 


]  log°  It  0  +  A 1 + ih?)\ 


e=2.71828.  Base  of  Naperian  logarithms. 


For  comparison  we  give  the  results  as  applied  to  an  arch 
130  ft.  0  in.  long,  29  ft.  ll/2  in.  rise. 

Moment  of  inertia  at  crown=320  386. 

Combined  temperature  contraction  and  shrinkage  coeffi- 
cient=0. 0005077. 

ia  =  Jo  sec.4  0 

For  the  lack  of  a  better  term,  we  will  call  the  method  used 
bv  Mr.  Wilkerson,  the  ordinarv  method. 

Ht= 37  443  lb.  By  ordinary  method. 

=61  676  lb.  By  revised  method. 

!/i~%h= 19  ft.  5  in.  By  ordinary  method. 

=21  ft.  7.125  in.  By  revised  method. 

Bending  moment  at  crown=4  361  950  inch  lb.  Ordinary 

method. 

=5  575  500  inch  lb.  Revised 
method. 
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Bending  moment  at  springing  line=8  723  000  inch  11).  Or¬ 
dinary  method. 

=15  980  400  inch  lb. 
Revised  method. 

Thus  we  see  that  the  actual  bending  moment  at  the  spring¬ 
ing  line  is  80  percent  higher  than  the  results  obtained  by  using 
the  ordinary  method  of  calculation. 

But  in  a  majority  of  examples  of  concrete  arches  which  I 
have  examined,  the  moment  of  inertia  at  different  points  in  the 
rib  can  not  be  readily  reduced  to  any  definite  relationship  to  the 
moment  at  the  crown  and  secant  of  angle  of  deflection.  This 
is  the  case  with  the  arch  under  consideration. 

Prof.  Cain’s  approximate  method,  which  is  explained  in 
all  the  standard  works  of  recent  years  on  concrete  arches,  is  the 
only  method  by  which  these  cases  can  he  analyzed. 

This  method  consists  in  dividing  the  neutral  axis  of  the 
arch  into  small  segments  of  such  length  (represented  by  “S'’), 

S 

that  —  is  a  constant.  The  calculations  are  made  on  the  same 

Ja 

principles  as  the  mathematical  method,  except  that  arithmetical 
summation  of  small  finite  segments  is  used  instead  of  integra¬ 
tion  of  infinitesimal  differentials. 

The  advantages  of  this  method  are  found  in  the  facts,  that 
it  can  be  applied  to  any  arch  regardless  of  its  form  or  of  the 
variations  in  the  moment  of  inertia,  and  that  a  knowledge  of 
calculus  is  not  required  for  its  use.  One  more  example  will  be 
cited  before  taking  up  the  arch  under  consideration.  This  will 
be  done  as  a  further  illustration  of  the  variations  from  the  true 
results  which  occur  when  the  formulae  used  by  Mr.  Wilkerson 
are  indiscriminately  applied.  In  Renterdahl’s  work,  “Theory 
and  Design  of  Reinforced  Concrete  Arches’’  an  example  of  an 
arch,  very  nearly  parabolic,  is  worked  out,  according  to  Prof. 
Cain’s  method. 

The  span  =  70  ft.  0  in. 

Rise  of  neutral  axis  =  9  ft.  0  in. 

Io  =  10  150  (for  12  inch  widths). 

Ec=l  500  000 
W  =  0.000006 
t  =  40  deg.  Fahr. 
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The  results  by  Prof.  Cain’s  method  are  taken  from  Mr. 
Renterdahl ’s  book,  and  compared  with  those  by  ordinary  method 
are : 

y1  =  $  h  =6  ft.  0  in.  By  ordinary  method. 

=7  ft.  8  in.  By  Cain’s  method. 

45  E  To  Wt 

Ht  =  — =3525  lb.  By  ordinary  method. 

=8680  lb.  By  Cain’s  method. 

M  (at  springing  line)  =253  800  inch  lb.  Ordinary  method. 

=798  560  inch  lb.  Cain’s  method. 

M  (at  crown)  =126  900  inch  lb.  Ordinary  method. 

=138  880  inch  lb.  Cain ’s  method. 

We  will  now  compare  the  results  as  applied  to  the  arch 
under  consideration.  Temperature  stresses  will  result  as  follows, 
(assuming  h= 35  ft.  3.75  in.)  : 

y1  =  f  h  =23  ft.  6.5  in.  Ordinary  method. 

=26  ft.  5  in.  Cain’s  method. 

Ht  =  — *  =212.6  E  W  t.  Ordinary  method. 

=279.4  E  W  t  (using  moment  of  inertia  at  f'O- 

Wilkerson’s  method. 

=410.0  E  W  t.  Cain’s  method. 

M =60  059.5  E  W  t  (at  springing  line).  Ordinary  method. 

=78  930.5  E  W  t  (at  springing  line).  Wilkerson’s  method. 

=129  970.0  E  W  t  (at  springing  line).  Cain’s  method. 

=30  029.25  E  W  t  (at  crown).  Ordinary  method. 

=39  465.25  E  W  t  (at  crown).  Wilkerson’s  method. 

=43  767.5  E  TT  t  (at  crown).  Cain’s  method. 

My  reason  for  retaining  the  letters  E  TT  f  in  these  results 
is,  that  Mr.  Wilkerson  does  not  state  in  his  paper  the  values 
assumed  for  the  modulus  of  elasticity  and  the  coefficient  of  ex¬ 
pansion.  We  see  from  this,  that  the  actual  bending  moment  at 
the  crown  is  eleven  percent  higher  than  the  results  obtained  by 
Mr.  Wilkerson,  and  at  the  springing  line  66  percent  higher. 
Adding  to  these  results  the  additional  direct  thrust,  or  pull,  Mr. 
Wilkerson’s  results  are  found  to  be  very  far  from  the  mark. 

We  have  not  time  to  go  further  into  this  question,  but  I 
think  enough  has  been  shown  to  prove  that  the  formulae  used 
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by  Mr.  Wilkerson  in  his  calculations  do  not  apply  to  this  case. 

I  have  found  after  examining  a  number  of  published  de¬ 
signs  of  arches,  that  the  rule, 

/a  =  Jo  sec.  0 

seldom,  if  ever,  holds  good  in  reinforced  concrete  arches.  The 
rule, 

/a  =  Io  sec.s  6 

is  approximately  true  in  a  few  cases.  The  rule 
In  =  Io  sec }  0 

holds  closely  enough  for  practical  purposes,  in  a  few  more. 
But  in  the  majority  of  cases  no  such  rule  can  be  applied.  In 
the  arch  under  consideration  it  varies  from 

7 

In  =  Io  sec 0  to  In  =  Io  sec.b  $ 

I  do  not  agree  with  the  criticism  of  one  of  the  previous 
speakers,  on  the  parabolic  form  of  the  arch.  To  my  mind  the 
parabola  is  the  most  graceful  curve  that  can  be  used,  and  the 
one  that  gives  the  best  impression  of  strength,  and  I  do  not  see 
the  slightest  resemblance  between  the  parabolic  and  gothic 
arches. 

Mr.  R.  A.  Cummings:*  The  title  of  this  paper  correctly 
infers  that  the  analysis  of  the  stresses  in  arch  ribs  is  very  much 
involved  by  complicated  methods.  The  voluntary  act  of  the 
author  in  presenting  the  methods  adopted  by  the  City  of  Pitts¬ 
burgh  for  discussion  is  to  be  commended.  He  is  entitled  to  the 
thanks  of  the  profession. 

At  first  sight  one  is  disposed  to  shudder  at  the  complex 
diagrams,  but  with  more  familiarity  with  the  method  many  of 
the  unsatisfactory  features  of  Balet’s  work  have  been  eliminated. 
Almost  all  engineering  formulae  are  but  guides  to  aid  the  de¬ 
signer  in  determining  the  dimensions  of  a  structure,  therefore 
the  simpler  the  formula,  the  easier  will  be  the  process  of  dimen¬ 
sioning. 

From  this  it  is  readily  seen  that  the  assumptions  or  con¬ 
stants  used  are  equally  important,  and  it  is  on  this  that  our  at¬ 
tention  should  be  concentrated,  because  our  judgment  is  brought 
into  play  rather  than  the  solution  of  simple  equations.  Modi- 

♦Consulting  Engineer,  Commonwealth  Bldg.,  Pittsburgh. 
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fications  in  the  assumed  allowable  unit  stresses  will  necessarily 
change  the  entire  structure,  and  in  arches  where  the  dead  loads 
frequently  represent  90  percent  of  the  total  load,  this  can  be 
readily  appreciated.  In  connection  with  the  allowable  unit 
stresses  it  is  not  clear  what  is  meant  by  “semi-hooped  concrete 
ribs".  If  the  allowable  unit  value  of  concrete  in  compression  is 
to  be  increased,  it  must  be  secured  by  circular  hooping ,  rather 
than  by  rectilinear  bands  or  frame  work  obtained  by  embedding 
structural  steel  members.  In  one  case  concrete  is  reinforced  hv 
the  steel  and  in  the  other  case  the  reverse  occurs. 

There  is  no  question  in  the  writer’s  mind  that  800  lb.  per 
sq.  in.  is  an  allowable  stress  on  properly  hooped  concrete,  but 
the  margin  of  security,  when  structural  steel  is  used,  is  very 
uncertain. 

Regarding  the  depth  of  rib  at  the  center,  it  would  be  inter¬ 
esting  to  know  the  basis  of  the  formula  presented. 

When  one  considers  that  the  assumption  of  an  inflexible 
foundation  has  been  made  you  have  the  conditions  of  an  arch 
with  a  tie-rod  and  a  simple  curved  beam,  which  has  been  treated 
at  great  length  by  various  mathematicans,  stresses  being  obtain¬ 
ed  from  the  deflections,  etc.  With  the  use  of  a  center  hinge, 
(and  I  see  no  reason  why  this  is  not  quite  practical),  in  open 
spandrel  rib  arches,  the  determination  of  stresses  is  largely 
simplified.  Perhaps  the  author  will  advise  us  whether  this 
method  has  been  considered. 

To  what  extent  is  the  method  proposed  by  the  author  lim¬ 
ited  in  its  application?  For  instance,  what  are  the  comparative 
results  between  the  various  methods  when  applied  to  very  flat 
arches,  say,  with  a  rise  of  0.1  of  the  span? 

If  the  purpose  of  reinforcing  concrete  is  to  take  care  of  the 
existing  tensile  stresses,  why  is  it  desirable  to  confine  the  design 
of  arches  to  parabolas  or  approximate  parabolas  where  little  or 
no  tensile  stresses  exist?  As  a  matter  of  fact  is  not  a  para¬ 
bola  an  undesirable  shape  for  the  best  effect  in  an  arch?  Does 
not  the  parabola  accentuate  the  pointed  or  Gothic  arch?  It  is 
obvious  to  all  of  us  that  the  Gothic  arch  does  not  convey  the 
impression  of  self-support  and  inherent  strength?  On  the 
contrary,  a  three  or  five  centered  arch  has  much  merit  to  com¬ 
mend  it  in  monumental  structures. 
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The  author  has  well  said  that  the  details  of  design  command 
the  most  careful  attention.  In  fact  it  is  to  this  feature  and 
the  full  appreciation  of  the  difficulties  of  construction  that  the 
greatest  attention  should  he  paid  in  the  preparation  of  plans 
for  this  class  of  work. 

Mr.  J.  A.  Ferguson:*  In  going  over  the  paper  of  the  even¬ 
ing,  I  was  impressed  with  the  idea,  that  if  the  author  had  given 
a  little  more  of  the  theoretical  description  of  some  of  the  in¬ 
teresting  portions  of  this  method  of  calculating  the  stresses  in 
fixed  arches  it  would  have  shown  more  clearly  the  fact  that  step 
for  step,  the  graphical  portion  of  this  work,  except  for  the 
inaccuracies  possible  with  any  graphical  work  unless  it  is  per¬ 
formed  with  exceeding  care,  is  just  about  as  correct  as  the  usual 
analytical  methods,  since  so  ma»ny  .assumptions  have  to  be 
made  in  order  to  produce  by  analytical  methods  equations  that 
are  capable  of  integration.  Arch  designing  in  general  and  re¬ 
inforced  concrete  arch  designing  in  particular  is  a  subject  about 
which  the  average  engineer  remains  more  ignorant  than  he 
realizes. 

So  many  arched  structures  have  been  planned  and  built 
in  this  country,  without  careful  investigation  in  the  past,  that 
the  wonder  is  there  have  not  been  more  appalling  disasters  than 
have  occurred. 

Therefore  the  author  is  to  be  congratulated  upon  having 
opened  the  way  to  a  method  of  performing  the  calculations 
readily  enough  to  cause  its  use  to  be  a  thing  to  be  desired,  and 
of  sufficient  accuracy  for  all  practical  purposes.  Thus  bringing 
to  an  end,  the  time  honored  excuse  of  “insufficient  time  to  do 
the  work.’’ 

This  method  can  be  used  rapidly  enough  to  cause  its  use 
to  become  more  universal  than  any  other  of  an  accuracy  ap¬ 
proaching  that  of  analytical  methods. 

Calculation  of  the  stresses  produced  by  the  more  probable 
combinations  of  frequently  recurring  loading  conditions  can  be 
made  and  the  arch  so  proportioned  that  the  unit  stresses  will 
not  exceed  those  usually  chosen  by  conservative  designers.  They 
may  also  be  made  of  such  maximum  conditions  as  might  occur 
at  infrequent  intervals  of  some,  or  all,  of  the  conditions  which 

♦Assistant  Engineer.  Bureau  of  Construction.  City  of  Pittsburgh. 
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take  place  simultaneously,  but  which  so  occur  at  very  infrequent 
intervals  of  time ;  and  tests  thus  made  which  would  prove  the 
ability  of  the  structure  to  withstand  the  usual  but  possible  con¬ 
ditions,  without  failing.  Thus  an  arch  rib  may  be  examined, 
and  unit  stresses  calculated  for  conditions  of  loading  which  are 
infrequent,  yet  may  occur  simultaneously,  though  at  infrequent 
intervals  and  sum  up  stresses  that  would  be  higher  than  the 
usual  assumed  stresses. 

Such  conditions  have  governed  the  authors  assumption  of 
800  lb.  per  sq.  in.  for  the  unusual,  and  around  600  to  700  lb. 
per  sq.  in.  for  the  usual  conditions  as  assumed  by  conservative 
and  careful  engineers.  In  the  case  of  arches  with  spandrels  filled 
with  earth  it  is  possible  to  fulfil  the  conditions  required  somewhat 
more  readily,  for  the  variation  of  depth  of  the  arch  according  to 
theory  as  there,  by  care,  the  panel  divisions  may  be  so  made 

that  will  be  nearly  constant.  It  remains,  however,  to  correct 

the  positions  of  the  intersections  locus  and  tangent  locii  in  the 
diagram.  Here,  the  theoretical  conditions  may  thus  be  closely 
approximated. 

The  author  has  had  me  try  out  the  methods  of  deter¬ 
mining  crown  section  and  curvature  of  the  arch  axis  on  one 
other  arch  bridge,  with  sufficiently  satisfactory  results  for  all 
practical  purposes. 

Mr.  C.  N.  Haggart  :*  Mr.  Martin  has  questioned  the  ne¬ 
cessity  of  using  the  true  equilibrium  polygon  in  designing  con¬ 
crete  arches.  The  assumption  is  made,  referring  to  a  non 
elastic  arch,  that  if  an  equilibrium  polygon  can  be  made  to 
pass  within  the  middle  third  of  an  arch,  it  may  correctly  repre¬ 
sent  the  pressure  line.  This  assumption  is  well  enough  in  the 
case  of  a  stone  or  brick  arch  where  the  arch  will  more  or  less 
adjust  itself  to  the  line  of  pressure.  In  the  case  of  a  rein¬ 
forced  arch,  however,  most  engineers  prefer  to  use  the  elastic 
theory  and  to  work  out  the  true  equilibrium  polygon  in  com¬ 
puting  the  stresses  in  the  arch. 

The  engineers  for  the  Almendares  river  reinforced  concrete 
arch  bridge!  designed  this  bridge  with  the  use  of  the  static 
theory,  assuming  that  the  line  of  pressure  lying  nearest  the 

♦Engineer,  Haggart  Bros.,  Hostetter  Building,  Pittsburgh. 
jTrans.  Am.  Soc.  C.  E.  vol.  74. 
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neutral  axis  of  the  arch  was  the  true  one.  After  the  thickness 

%  • 

of  the  arch  was  determined  they  checked  by  they  elastic  theory, 
checking  very  closely  with  the  static  theory. 

These  engineers  stated  it  as  their  experience  with  this  and 
other  concrete  bridges  analyzed  by  them,  that  the  line  of  pres¬ 
sure  determined  by  the  static  theory  agrees  so  closely  with  that 
determined' by  the  elastic  theory  that  they  believed  the  former 
might  safely  be  used  in  design. 

It  might  be  mentioned  that  nothing  but  compression  was 
obtained  in  the  arches  of  the  Almendares  bridge  but  that  steel 
reinforcement  was  used  for  an  additional  factor  of  safety. 

The  Author  :  Mr.  Cummings  has  raised  the  question  of 
allowing  800  lb.  per  sq.  in.  on  a  rib  reinforced  with  structural 
steel  placed  in  a  rectangular  shape,  I  do  not  claim  that  such 
a  shape  produces  a  purely  hooped  column  nor  do  I  advise  a  unit 
stress  that  high  for  probable  stresses.  I  am,  however,  convinced 
that  the  rectangular  framed  reinforcement  properly  propor¬ 
tioned  is  satisfactory  for  a  possible  unit  stress  of  800  lb.  per 
sq.  in. 

The  formula  for  depth  at  crown  of  arch  is  the  result  of  a 
number  of  designs  being  compared.  Regarding  the  three  hinged 
arch,  the  hinges  for  the  ribs  become  very  cumbersome  besides 
they  require  the  use  of  steel  unprotected  which  the  writer  thinks 
is  undesirable  from  the  maintenance  point  of  view.  Besides, 
the  hinges  would  not  reduce  the  cost  of  the  structure  and  would 
interfere  with  its  artistic  features. 

I  have  as  yet  not  had  an  opportunity  to  try  this  method 
on  at  arches  having  a  rise  of  about  one-tenth  the  span,  but 
believe  the  method  applicable  to  such  arches.  It  is  desirable, 
from  an  economical  standpoint,  that  the  center  line  of  the 
rib  follow  very  closely  the  load  line  for  dead  load,  which  ap¬ 
proaches  very  nearly  a  parabola  for  spandrel  arches  and  more 
nearly  an  eclipse  for  filled  arches.  I  differ  with  Mr.  Cummings 
regarding  the  appearance  and  the  impression  conveyed  by  the 
parabolic  arch  and  think  that  a  rib  whose  center  follows  closely 
the  load  line  does  convey  the  idea  of  strength. 

Mr.  Ferguson  suggests  that  some  more  theory  should  have 
been  incorporated  in  the  paper.  It  was  the  writer’s  desire  to 
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incorporate  as  little  theory  as  possible  in  this  paper  and  devote 
the  time  to  the  practical  application  of  the  method.  Those  who 
desire  the  theory,  and  those  who  use  the  method,  should  fully 
familiarize  themselves  with  the  theory  from  the  numerous 
books  published  on  the  subject. 

Replying  to  Mr.  Martin,  I  fear  I  did  not  make  myself  clear 
regarding  the  load  line  for  a  uniform  load  which  is  a  para¬ 
bola,  but  an  arch  rib  whose  moment  of  inertia  increases  from  the 
crown  to  springing  by  any  amount  whatever  will  not  give  a 
uniform  dead  load  per  lineal  foot  of  span,  and  it  is  well  known 
that  the  load  line  for  a  varying  load  is  not  a  parabola  though 
it  may  approach  such  a  curve. 

In  an  elastic  arch  the  load  line  for  any  fixed  series  of  loads, 
such  as  the  dead  loads,  has  a  fixed  location,  and  if  the  curve  of 
the  rib  be  not  near  the  same,  the  load  line  may  fall  entirely 
outside  of  the  rib ;  further,  it  is  possible  to  make  the  rib  curva¬ 
ture  such  as  to  cause  the  load  line  to  fall  at  the  desired  posi¬ 
tion  at  the  crown  where  it  is  most  desirable  to  control  it. 

I  would  not  like  to  risk  a  design  depending  on  the  load 
line  shifting  in  the  finished  structure  as  it  would  lead  to  an 
uncertainty  which  all  engineers  should  wish  to  avoid.  I  do 
not  believe  such  a  shifting  takes  place. 

The  load  line  for  dead  loads  was  calculated  after  the  curva¬ 
ture  of  the  arch  was  determined,  and  is  located  as  shown  on 

Plate  No.  2.  The  raising  of  the  center  line  of  rib  was  done  from 

« 

the  preliminary  diagram  shown  on  Plate  No.  1.  The  calculations 
for  all  stresses  were  made  after  the  center  line  of  the  arch  rib 
was  fixed  and  are  for  the  rib  on  that  fixed  center  line. 

Mr.  Martin  presents  quite  a  long  and  intricate  set  of  form¬ 
ulas  which  I  have  not  had  sufficient  time  as  yet  to  examine  fully, 
and  am  not  in  position  at  this  time  to  either  approve  or  reject 
them.  I  would  say,  however,  that  granting  the  increases  he 
claims  in  the  temperature  stresses,  that  none  -  of  the  concrete 
will  be  over  stressed.  Further,  that  range  of  temperature  as¬ 
sumed,  i.  e.  60  deg.  Fahr.  is  greater  than  will  ever  actually  take 
place  in  the  arch  ribs,  if  the  examinations  made  of  the  Walnut 
Lane  Bridge  ribs  are  considered  a  good  criterion. 
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% 


By  Linn  Bradley* 


This  paper  presents  a  brief  review  of  the  Cottrell  processes 
for  removing  suspended  particles  from  gases  by  means  of  high 
tension  electric  current,  or  electric  field,  and  outlines  some  of 
the  present  applications.  Some  discussion  relative  to  the  me¬ 
chanism  by  which  small  suspended  particles  are  carried  by 
gases,  is  presented,  and  an  endeavor  is  made  to  show  the  im¬ 
portance  of  the  size,  shape,  character  and  specific  gravity  of  the 
particles.  Some  remarks  are  made  concerning  the  difficulties 
attendant  upon  accurate  sampling  of  gases,  when  they  carry 
suspended  particles.  A  demonstration  of  some  of  the  princi¬ 
ples  of  the  processes  will  be  given  after  the  presentation  of  the 
paper,  and  some  features  of  the  past  activity  and  present  in¬ 
stallations  will  be  described  and  illustrated  by  means  of  a  few 
slides. 

I  shall  not  cover  the  history  of  the  processes,  except  in  a 
general  manner,  but  will  refer  to  an  early  article  by  Dr.  F.  G. 
Cottrell,  published  in  the  Journal  of  Industrial  &  Engineering 
Chemistry ,t  August  1911.  Recent  articles  have  appeared  in 
the  Proceedings  of  the  American  Institute  of  Mining  Engineers 
for  1912  and  the  Journal  of  Industrial  &  Engineering  Chemistry 
for  October  1912  and  December  1912.  Three  papers  upon  these 
processes  were  presented  before  the  Eighth  international  Con¬ 
gress  of  Applied  Chemistry,  held  in  New  York  City  last  Sep¬ 
tember,  these  being:  “The  Research  Corporation,  an  Experi¬ 
ment  in  Public  Administration  of  Patent  Rights,  ”  by  Dr.  F.  (1. 

Presented  at  the  regular  monthly  meeting  of  the  Society.  March  IS, 
and  published  in  the  April,  1913,  Proceedings. 

♦Engineer,  Research  Corporation,  New  York.  N.  Y. 

j- Abstracted  in  Mining  &  Scientific  Press,  August  26th.  1911:  Scientific 
American  Supplement,  Sept.  30th  1911;  Engineering  &  Mining  Journal, 
October  14th  1911;  Engineering  News,  October  26th  1911;  Metallurgical  & 
Chemical  Engineering,  March  1913;  Cement  &  Engineering  News.  April 
1912;  Rauch  &  Staub,  April  1912. 
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Cottrell ;  ‘  ‘  The  Control  of  Dust  in  Portland  Cement  Manufac¬ 
ture  by  the  Cottrell  Precipitation  Process,”  by  Walter  A. 
Schmidt;  “ Electrical  Precipitation  of  Suspended  Particles,”  by 
the  author  of  the  present  paper. 

The  Cottrell  processes  were  invented  and  developed  by  Dr. 
P.  G.  Cottrell,  now  Chief  Physical  Chemist  of  the  Bureau  of 
Mines  with  headquarters  at  San  Francisco,  but  formerly  con¬ 
nected  with  the  University  of  California.  While  he  was  with 
the  latter  institution,  he  had  occasion  to  investigate  the  problem 
of  precipitating  sulphuric  acid  mist.  During  these  investiga¬ 
tions  it  occurred  to  him  that  it  might  be  desirable  to  utilize  the 
forces  existing  in  an  electric  field.  It  was  known  at  the  time 
that  high  tension  direct  current  was  effective  in  clearing  up 
mist  and  in  precipitating  other  suspended  particles,  but  the 
efficiencies  in  large  scale  operation  were  very  low  and  the  elec¬ 
trical  apparatus  so  unreliable  as  to  preclude  the  scheme  being 
commercially  successful  unless  the  equipment  was  greatly  im¬ 
proved  upon.  It  seems  that  the  knowledge  of  the  electric  field 
at  that  time  was  verv  meaner,  and  commercial  success  could 
not  reasonably  be  expected  in  view  of  the  state  of  the  art  of 
electrical  engineering.  Credit  should  be  given  to  Dr.  F.  G. 
Cottrell  for  attacking  the  problem  in  a  scientific  and  practical 
manner  and  making  it  possible  to  install  the  method  success¬ 
fully  upon  a  commercial  scale.  He  brought  to  bear  upon  the 
problem  a  very  broad  and  clear  understanding  of  physical  and 
chemical  laws,  and  it  must  be  said,  also,  that  he  was  a  keen 
observer,  otherwise  many  seemingly  small  points  would  have 
escaped  attention. 

The  first  plant  equipped  with  these  processes  has  now  been 
in  steady  operation  for  over  five  years,  collecting  the  sulphuric 
acid  mist  carried  in  suspension  by  the  gases  coming  from  the 
parting  kettles,  wherein  gold  and  silver  are  separated,  at  the 
Selby  refinery  on  San  Francisco  Bay.  Arrangements  have  re¬ 
cently  been  made  to  practically  duplicate  this  installation  at 
other  plants  owned  by  the  same  people.  Furthermore,  rights 
have  been  granted  for  installing  these  processes  at  a  sulphuric 
acid  works  in  South  Africa  and  a  recent  negotiation  is  for  in¬ 
stalling  them  for  a  somewhat  similiar  purpose  at  a  plant  in 
Chili,  South  America. 


BRADLEY - PRECIPITATION  OF  SUSPENDED  PARTICLES  113 

However,  the  processes  are  applicable  to  a  great  variety  of 
materials.  Many  improvements  of  a  more  or  less  important 
nature  have  been  developed  during  the  past  few  years  by  Dr. 
Cottrell  and  those  associated  with  him,  as  the  more  extended 
and  varied  experience  has  shown  methods  of  increasing  the 
reliability  of  operation  and  the  percentage  clearance  of  par¬ 
ticles.  The  amount  of  power  required  is  quite  small  and  has 
been  reduced  considerably  from  the  original  requirements. 

Almost  at  the  time  when  Dr.  Cottrell  and  his  original  as¬ 
sociates  had  placed  the  processes  upon  a  successful  footing,  ho 
arranged  to  enter  the  service  of  the  Bureau  of  Mines  in  con¬ 
nection  with  some  very  important  metallurgical  work.  Before 
doing  so,  however,  he  arranged  matters  in  such  a  way  as  to 
insure  a  steady  and  consistent  development  of  the  electrical 
precipitation  work  even  though  he  should  not  continue  to  be 
actively  engaged  in  it.  Accordingly,  he  transferred  to  one 
corporation  the  patent  rights  outside  of  the  United  States,  to 
another  the  patent  rights  in  the  six  states  Washington,  Oregon, 
California,  Idaho,  Nevada  and  Arizona,  and  to  an  individual, 
who  had  been  of  considerable  assistance  to  him  in  earlier  work, 
a  license  to  develop  and  apply  the  processes  to  portland  cement 
factories  throughout  the  entire  United  States.  These  three 
parties  are  closely  associated  and  have  their  headquarters  in 
Los  Angeles,  California.  Arrangements  were  also  made  to  have 
the  processes  introduced  into  foreign  countries,  after  which  Dr. 
Cottrell  was  free  to  donate  the  remaining  rights  for  the  United 
States  to  some  philanthropic  institution,  to  be  used  as  an  en¬ 
dowment  for  scientific  research.  The  processes  were  first  offered 
to  the  Smithsonian  Institution,  but  upon  further  consideration 
it  was  decided  to  organize  the  Research  Corporation  in  the  State 
of  New  York  with  headquarters  in  New  York  City,  and  assign 
the  patent  rights  to  it,  with  the  understanding  that  all  its  net 
profits  were  to  be  given  to  the  Smithsonian  Institution  for  the 
purpose  mentioned. 

“The  Research  Corporation  is  a  board  of  administration, 
whose  work  is  to  guide  the  development  of  such  patents  as  may 
be  turned  over  to  it,  and  finally  market  them,  the  net  profits 
from  all  such  business  being  devoted  to  scientific  research.  ” 
Thus  it  will  be  apparent  that  the  processes  are  not  being  ex- 


114  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 

ploited  in  this  portion  of  the  United  States  for  the  purpose  of 
making  profits  for  any  individuals  connected  with  the  organ¬ 
ization.  In  fact,  even  the  stockholders  are  prevented  from  ob¬ 
taining  any  returns  upon  their  holdings,  since  the  stock  is 
non-dividend  bearing.  For  further  details,  reference  should  be 
made  to  the  article  mentioned  above.  The  corporation  has  been 
undergoing  organization  and  development  for  the  past  year, 
and  is  now  more  than  self-supporting  as  a  result  of  its  work ; 
and  a  number  of  excellent  contracts  have  been  negotiated. 

It  would  be  like  “carrying  coals  to  New  Castle”  if  I  should 
undertake  to  tell  you  how  important  and  serious  are  the  prob¬ 
lems  of  suspended  particles  in  gases.  It  is  perhaps  quite  un¬ 
necessary  for  me  to  remark  that  there  is  a  large  number  of 
instances  in  this  territory  where  it  seems  impractical  to  operate 
without  permitting  smoke,  ashes,  cinders,  dust,  etc.,  to  enter 
the  atmosphere  and  drift  away  from  the  point  of  origin,  not¬ 
withstanding  the  good  and  praiseworthy  work  of  your  mechan¬ 
ical  engineers,  city  smoke  inspectors,  stoker  manufacturers,  and 
others ;  and  I  have  been  advised  that  a  conscientious  effort  is 
being  made  to  study  the  smoke  situation  here,  to  gather  data 
and  statistics,  to  educate  the  public  and  to  effectively  reduce 
the  density  of  fume,  smoke,  dust  and  fog  in  the  atmosphere 
within  and  surrounding  your  otherwise  beautiful  city.  I  have 
been  told  that  the  yearly  tonnage  of  coal  consumed  in  this  dis¬ 
trict  has  gradually  increased  year  by  year,  while  the  smoke 
conditions  are  at  least  as  good  as  they  were  a  few  years  ago. 
Even  this  condition  shows  considerable  progress,  although  it 
must  be  admitted  that  many  vexatious  problems  are  constantly 
presenting  themselves  and  demanding  solution.  I  have  been 
interested  in  the  statements  reported  to  have  originated  at  the 
University  of  Pittsburgh  with  reference  to  the  estimated  cost 
per  capita  of  the  smoke-nuisance  in  this  city.  Surely  there  can 
be  no  room  for  disputing  the  statement  that  the  burden  is  un¬ 
doubtedly  much  greater  than  the  public  is  pleased  to  bear,  and 
that  Pittsburgh  would  be  a  much  more  pleasant  place  in  which 
to  reside  if  the  conditions  due  to  dust,  smoke,  etc.,  were  very 
markedly  and  rapidly  improved. 

The  problem  of  removing  suspended  particles  from  gases 
becomes  a  serious  one  when  the  volume  of  gases  is  large,  or  the 


BRADLEY - PRECIPITATION  OF  SUSPENDED  PARTICLES  115 

temperatures  high,  or  .the  gases  contain  materials  which  exert 
a  corrosive  action  upon  fines,  chambers  and  apparatus.  Some 
materials  are  more  difficult  to  handle  than  others;  consequently 
a  wide  experience  is  valuable  in  this  work. 

The  variety  of  problems  and  conditions  is  very  large,  but 
they  may  be  divided  into  three  general  classes,  as  follows: 

First:  Where  the  composition  of  the  gases  is  such  that 
they  are  the  cause  of  complaint  on  the  "rounds  of  nuisance  and 
damage  to  property. 

Second :  Where  the  values  contained  in  the  gases  render 
their  recovery  quite  necessary  on  the  ground  of  economy,  but 
where  the  gases  do  not  constitute  a  nuisance. 

Third :  Where  the  gases  may  be  considered  sufficient  cause 
for  complaint,  and  yet  contain  values  which  should  be  recovered. 

In  the  first  class,  and  as  a  further  illustration  of  the  grow¬ 
ing  range  of  application  of  these  processes,  may  be  mentioned 
the  black  smoke,  ashes  and  cinders  coming  from  the  stacks  of 
some  of  the  large  power  plants  where  the  boilers  are  being 
forced.  In  some  of  these  plants  the  operating  departments  have 
endeavored  in  various  ways  to  purify  their  gases,  so  as  to  avoid 
any  complaints.  In  most  boiler  plants  with  proper  arrange¬ 
ment  and  proportioning  of  boilers,  arches,  settings  and  fines, 
the  stack  gases  seldom  give  rise  to  complaint,  especially  when 
uniformly  fired.  Undoubtedly  the  proper  method  of  attacking 
the  smoke  problem  is  to  endeavor  to  obtain  proper  combustion. 
However,  there  are  a  great  many  instances  where  complete 
combustion  is  not  desired,  and  in  such  cases  these  processes  may 
prove  to  be  of  economic  value  in  overcoming  the  nuisance  due 
to  black  smoke,  or  other  suspended  particles.  For  instance.  I 
have  been  informed  that  there  are  over  1000  re-heating  furnaces 
in  this  city  wherein  it  is  desirable  to  maintain  a  reducing  at¬ 
mosphere.  Railroad  round  houses  present  another  example. 

Among  its  other  activities,  the  Research  Corporation  is  at 
present  engaged  in  demonstrating  the  removal  of  such  suspended 
particles  as  cinders,  ashes,  soot,  etc.,  by  the  electrical  precipita¬ 
tion  processes,  at  the  New  York  Edison  Company’s  Waterside 
No.  2  Station,  one  of  the  largest  power  plants  in  the  city  of 
New  York.  In  this  plant  there  are  nearly  one  hundred  boilers 
connected  to  four  smoke  stacks,  approximately  three  hundred 
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feet  high  by  twenty-two  feet  in  diameter.  The  average  velocity 
of  the  gases  through  these  stacks  is  stated  to  be  thirty-eight 
linear  feet  per  second.  During  the  evening,  when  the  peak¬ 
load  is  on  the  station,  it  is  necessary  to  force  the  boilers,  so  that 
they  are  delivering  perhaps  100  to  150  percent  in  excess  of  their 
rated  capacity.  Stokers  are  used,  but  even  with  the  greatest 
care,  considerable  ashes  and  cinders  are  caught  up  by  the  draft 
under  these  conditions  and  carried  toward  the  stacks.  The 
cross-flues  had  been  enlarged  in  order  to  reduce  the  velocity  of 
the  gases,  but,  although  some  of  the  heavier  particles  are  de¬ 
posited  in  these  chambers,  the  exit  gases  carry  a  fairly  large 
amount  of  cinders  and  ashes,  and,  occasionally,  black  smoke. 
Experience  upon  this  particular  material  indicates  that  the 
greater  portion  of  the  large  heavy  particles  can  be  caught  if 
the  velocity  in  the  flue  is  reduced  sufficiently  and  ample  time  is 
allowed  for  them  to  settle  out  from  the  draft,  by  gravity;  but 
flues  large  enough  to  insure  this  result  would  be  prohibitive. 
Some  particles  are  so  light  that  a  slight  movement  of  the  gas 
easily  keeps  them  in  suspension.  If  we  endeavor  to  increase 
their  weight  by  water  sprays  or  similar  means,  we  cool  the  gases 
and  interfere  with  the  draft,  and  we  mav  not  find  onr  efforts 
successful,  because  some  particles  resist  moisture  and  are  ex¬ 
tremely  difficult  to  remove  by  such  a  method.  The  power  com¬ 
pany  has  sought  to  solve  this  problem  by  almost  every  means 
which  seemed  to  indicate  a  possibility  of  success.  It  is  apparent 
that  filtration  through  cloth  screens  will  not  be  satisfactory  in 
practice  for  several  reasons.  Centrifugal  force  has  not  proven 
adaptable.  A  series  of  sheets  of  water  has  also  been  tried  but 
there  are  also  many  objections  to  a  scheme  of  this  kind.  If  we 
are  able  to  construct  an  apparatus,  which  will  not  be  prohibi¬ 
tive  in  cost  and  size,  and  does  not  seriously  interfere  with  the 
draft,  whereby  we  can  overcome  the  buoyancy  of  the  particles 
in  the  gas,  and  remove  them  from  the  influence  of  the  draft,  we 
shall  succeed  in  cleaning  the  gas  of  the  suspended  particles. 
The  actual  net  amount  of  energy  necessary  to  withdraw  these 
particles  from  the  moving  gas  is  very  small  indeed,  but  a  100 
percent  power  efficiency  in  this  regard  is  not  feasible.  The 
problem  is  to  design  and  construct  such  an  apparatus,  then  to 
place  electrical  charges  upon  the  particles  and  introduce  suffi- 
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cient  energy  to  compel  the  particles  to  migrate  to  some  point 
away  from  the  rapidly  moving  gas.  This  may  be  accomplished 
by  the  use  of  high-tension  current,  either  intermittent  or  con¬ 
tinuous,  provided  the  parts  are  properly  arranged.  Discharge 
electrodes  and  collecting  electrodes  may  be  placed  in  a  chamber 
and  the  gas  containing  the  particles  passed  between  them.  The 
gas  is  ionized  and  some  of  the  ions  collected  upon  the  particles, 
thereby  charging  them  electrically.  Inasmuch  as  the  charged 
particles  are  within  a  strong  electric  field  of  essentially  constant 
polarity,  they  are  driven  to  the  collecting  electrodes. 

The  construction  and  arrangement  of  the  electrodes  may 
be  varied  considerably,  to  suit  the  special  conditions  of  each 
particular  problem.  In  most  instances,  the  collecting  electrodes 
are  grounded.  To  meet  dilferent  conditions,  various  forms  of 
electrodes  are  used.  The  voltages  used  range  from  about  15  000 
up  to  as  high  as  50  000,  or  more,  depending  upon  the  size  of  the 
installation  and  conditions  of  the  gases  to  be  treated. 

It  will  be  realized  that  it  is  desirable  to  operate  on  gases 
at  a  high  velocity  and  during  a  short  period  of  time,  in  order  that 
the  installation  may  be  small  as  possible.  The  cinder  problem 
presents  some  features  which  are  quite  different  from  those  of 
sinelter-fumes,  smoke,  acid,  cement  dust,  etc.  There  are  many 
fairly  large,  porous  particles,  with  feathery  surfaces,  very  dry 
and  of  low  specific  gravity.  It  is  not  feasible  to  consider  ag¬ 
glomerating  them  by  means  of  ionization,  and  then  allowing 
them  to  settle  out  by  gravity.  The  particles  are  not  of  such  a 
character  as  to  adhere  to  a  plain  iron  plate  even  after  they 
reach  it.  The  necessity  for  operating  upon  the  gases  while 
moving  at  high  velocities  and  within  a  short  length  of  time 
introduces  features  which  require  mechanical  arrangements 
somewhat  different  from  those  of  the  earlier  problems.  At 
velocities  as  low  as  four  feet  per  second,  it  is  quite  easy  to 
obtain  a  perfect  clearance,  but  as  the  velocity  is  increased,  t  he 
attainment  of  clearances  averaging  around  95  to  98  percent 
becomes  more  difficult.  It  should  also  be  mentioned  that  there 
are  many  conditions  encountered  in  large  scale  operation,  which 
are  not  met  with  in  the  laboratory  stage,  and  that  practical  ex¬ 
perience  upon  a  variety  of  problems  is  one  of  the  major  reasons 
for  the  commercial  success*  of  the  processes. 
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The  problem  of  precipitating  black  smoke  from  ordinary 
power  plant  gases  is  quite  another  problem  from  that  of  cinders 
and  ashes  and  our  experience  has  indicated  that  we  can  operate 
successfully  with  practically  a  100  percent  clearance  of  the  par¬ 
ticles  of  carbon,  tar  and  other  such  materials. 

Much  more  might  lie  said  about  the  power-house  problems, 
but  it  may  be  more  to  the  point,  to  mention  some  phases  of  the 
work  bearing  upon  other  industries. 

Shortly  after  the  organization  of  the  Research  Corporation, 
last  February,  investigations  were  undertaken  for  the  Raritan 
Copper  Works,  Perth  Amboy,  N.  J.,  on  the  gases  arising  from 
the  smelting  of  the  slimes  obtained  in  electrolytic  copper  refining 
and  the  results  were  so  definite  that  a  large  plant  for  treating 
the  entire  volume  of  gases  is  now  nearing  completion.  The 
copper,  as  received  at  the  electrolytic  refinery,  generally  con¬ 
tains  some  gold,  silver  and  other  precious  metals,  as  well  as 
arsenic,  selenium,  tellurium  and  many  other  elements,  in  small 
quantities.  During  the  purification  of  the  copper  by  electro¬ 
lysis,  most  of  these  impurities  settle  out  from  the  electrolyte. 
This  sediment,  called  electrolytic  slime,  is  then  treated  in  an¬ 
other  department,  primarily  for  the  recovery  of  the  gold  and 
silver.  It  is  common  practice  in  some  refineries  to  dry  this 
slime  and  then  giye  it  a  furnace  treatment.  The  volatile  ele¬ 
ments  are  driven  off  in  the  gaseous  state  and  subsequently  con¬ 
densed  in  the  flue.  During  the  furnace  treatment,  considerable 
silver  is  vaporized,  some  of  which  condenses  quite  near  the 
furnace  exit.  At  this  point  in  the  flue,  dust  may  be "  found 
assaying  very  high  in  silver.  Considerable  gold  may  also  be 
found  at  this  point,  probably  having  been  carried  over  mechan¬ 
ically.  Further  along  the  flue  arsenic,  antimony,  selenium  and 
other  elements,  or  their  compounds,  condense,  thus  forming  a 
thick  chemical  fume.  It  is  interesting  to  note  the  tendencies 
of  the  various  compounds  to  deposit.  For  instance,  some  of 
the  silver  compounds,  or  metallic  particles,  are  very  light  and 
finely  divided,  and  it  is  extremely  difficult  to  effect  a  satisfactory 
recovery  by  settling  chambers,  centrifugal  dust  apparatus  or 
by  water  sprays  and  scrubbers.  Gold  has  been  found  a  long 
distance  from  the  furnace,  but  as  a  rule  it  is  the  first  to  deposit. 
The  influence  of  one,  or  several,  volatile  metals  upon  the  vola- 
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tility  of  other  metals,  especially  at  various  temperatures,  has 
not  been  studied  very  extensively,  but  most  authorities  state 
that  the  Joss  of  silver  is  increased  in  the  presence  of  lead  or 
zinc.  Probably  arsenic  or  antimony  also  exert  an  influence 
upon  the  loss  of'  silver.  It  would  be  interesting  and  of  con¬ 
siderable  value  to  be  able  to  consult  curves  of  the  vapor  ten¬ 
sions  of  these  various  elements  under  the  varying  conditions 
of  these  refinery  gases.  Samples  of  this  kind  of  dust  from 
various  refineries  show  it  to  have  a  range  of  at  least  from  100 
to  2000  ounces  of  silver  per  ton.  The  gold  content  is  not  apt 
to  vary  so  greatly.  Fume  has  been  collected  after  passing 
through  water  scrubbers  (so  arranged  that  the  gas  was  satu¬ 
rated  and  carried  water  particles  in  suspension)  and  found  to 
still  contain  large  amounts  of  precious  metals.  The  character 
of  the  fume  will  depend,  of  course,  upon  the  composition  of  the 
copper  received  at  the  refinery,  as  well  as  upon  the  operations 
of  the  refining  furnaces.  It  is  almost  impossible  to  filter  this 
gas,  because  of  its  corrosive  action  upon  the  filtering  medium, 
and  its  tendency  to  clog  it.  Results  obtained  upon  these  gases 
have  convinced  us  that  practically  all  of  the  values  now  going 
to  waste  in  these  gases  can  be  readily  recovered  by  the  electrical 
precipitation  processes,  thereby  insuring  a  greater  net  profit 
in  these  departments.  The  problem  of  recovering  the  values 
from  the  dust  collected  is  receiving  considerable  attention.  It' 
all  the  collected  dust  is  fed  back  into  the  furnace,  the  highly 
volatile  elements  will  again  be  driven  off,  subsequently  con¬ 
densed  and,  in  turn,  collected.  This  will  permit  the  impurities 
to  concentrate  and  increase  to  such  a  point  as  to  be  objection¬ 
able.  Experiments  have  been  conducted  with  a  view  to  facili¬ 
tating  the  recovery  of  the  precious  metals  in  a  pure  state  from 
this  precipitated  fume.  The  proposed  method  may  open  up  an 
opportunity  for  valuable  improvements  in  the  present  practice 
of  treating  these  electrolytic  slimes. 

Arrangements  have  also  been  made  to  install  the  processes 
upon  the  gases  from  all  the  copper  converters  at  the  Garfield 
(Utah)  Smelter  of  the  American  Smelting  &  Refining  Company. 
The  fume  contains  considerable  lead,  and  small  amounts  of 
silver  and  other  elements.  Apparatus  has  been  installed  to  treat 
all  the  gases  from  one  converter,  and  it  has  been  operated  sue- 
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cessfully  for  a  fairly  long  period  of  time  without  cleaning  and 
the  smelter  officials’  operating  results  showed  a  normal  clear- 
ance  of  about  98  percent,  A  large  amount  of  valuable  fume  has; 
already  been  collected.  The  volume  of  gas  treated  is  about 
100  000  cu.  ft.  per  min.  coming  from  one  converter.  The  gases-, 
are  treated  while  moving  between  the  electrodes  at  a  velocity  of' 
from  10  to  15  ft  per  sec.  The  same  company  has  also  recently- 
conducted  some  large  scale  tests  upon  gases  from  the  roasters, 
reverberatories  and  blast  furnaces  at  this  smelter,  and  these 
were  quite  as  successful  as  those  obtained  at  the  converter.  A 
report  of  one  of  the  employes  of  the  smelter  stated  that  some  of 
the  officials  from  New  York  had  witnessed  the  operations,  and 
to  (piote  “we  had  to  prove  it  to  them  that  we  were  pumping- 
smoke  into  it. '  ’  They  were  using  a  No.  80  Sturtevant  fan  to. 
withdraw  gases  from  the  flues  to  deliver  them  to  the  Cottrell 
treater. 

The  Ohio  &  Colorado  Smelting  &  Refining  Co.  which  oper¬ 
ates  a  lead  smelter  at  Salida,  Colorado,  has  made  arrangements 
permitting  them  to  install  the  processes  for  precipitating  the 
iume  in  either  their  roaster  flue  or  blast  furnace  flue.  Godfrey 
machines  and  Dwight-Lloyd  sintering  machines  are  employed 
and  deliver  their  gases  to  a  common  flue.  This  flue  lias  a  cross 
section  of  such  size  that  the  average  velocity  of  the  gases  is. 
about  500  linear  feet  per  minute.  Some  extensive  testing  has 
been  conducted  upon  these  gases,  and  very  interesting  results 
obtained.  It  was  endeavored  to  draw  from  the  main  flue,  large 
average  samples  of  the  gases  for  treatment,  and  from  the  results 
of  the  operations  calculate  the  probable  recovery  of  values  which 
would  be  obtained  when  all  these  gases  were  being  treated. 
Fairly  elaborate  plans  were  made  for  ascertaining  volumes  of 
gases  handled  in  the  treater  (averaging  about  10  percent  of  the 
total  in  the  roaster  flue),  volumes  of  gases  contained  in  the 
main  flue,  temperatures,  drafts,  resistance  of  flues  and  cham¬ 
bers,  density  of  solids  in  the  gases,  total  weight  of  dust  and  of 
the  metals  contained,  and  such  other  data  as  would  enable  one 
to  draw  reasonably  accurate  conclusions  regarding  the  probable 
values  escaping  into  the  atmosphere-.  Upon  checking  the  work, 
it  was  found  that  we  were  not  obtaining  a  fair  sample  of  the 
gases  from  the  main  flue  with  the  arrangement  whereby  the 
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gases  were  withdrawn  at  right  angles,  through  a  hole  in  one  of 
the  walls  of  the  flue,  and  even  though  we  were  drawing  the  gases 
through  the  opening  at  practically  the  same  velocity  as  that  of 
the  gases  in  the  main  flue;  the  main  reason  being  that  tin*  rela¬ 
tive  inertia  of  the  suspended  particles  is  much  greater  than 
that  of  the  surrounding  gases,  and  therefore  a  greater  propor¬ 
tion  of  gases  than  solids  was  withdrawn,  and  the  result  was  a 
gaseous  body  containing  too  small  a  percentage  of  suspended 
particles,  and  when  figures  were  calculated  to  the  entire  volume 
of  gases  in  the  main  flue,  the  indicated  weight  of  total  sus¬ 
pended  particles  was  lower  than  actually  was  the  case.  Further¬ 
more,  in  our  methods  for  ascertaining  the  percentage  clearances 
we  had  a  filtering  scheme  for  determining  the  amounts  of  sus¬ 
pended  particles  in  the  entrance  and  also  in  the  exit  gases.  It 
so  happened  that  we  were  aspirating  from  the  entrance  gases  at 
a  velocity  higher  than  that  of  the  main  body  of  entrance  gases, 
thus  giving  figures  upon  fume  density  which  were  too  low,  while 
upon  the  exit  gases  our  apparatus  worked  in  such  a  manner 
that  the  aspiration  was  too  slow  and  the  results  were  too  high ; 
thus  these  two  errors  indicated  a  percentage  of  clearance  by  the 
treater  operation  which  was  lower  than  the  truth.  Even  under 
such  conditions  the  percentage  clearances  generally  indicated 
very  high.  Tending  to  prove  the  statement  that  by  aspirating  at 
too  high  a  velocity  the  results  show  a  fume  density  which  is  too 
low,  is  the  observation  that  even  though  we  were  not  getting 
a  100  percent  precipitation  in  the  treater,  nevertheless  the  actual 
amount  of  fume  collected  was  greater  than  the  total  indicated 
fume  content  of  the  gases  being  treated  as  calculated  from  the 
volume  aspirated  through  the  filter  and  the  solids  collected  there¬ 
from,  and  compared  to  the  total  volume  of  gases  being  treated 
by  the  processes.  With  the  arrangement  of  the  filtering  equip¬ 
ment  on  hand  at  the  time  it  was  impossible  to  obtain  checks.  At 
the  present  time,  other  arrangements  are  being  considered  so 
that  a  more  accurate  calculation  can  be  made  of  the  values  in 
the  main  flue,  after  which  it  can  be  decided  whether  it  will  be 
commercially  profitable  to  collect  them.  The  expense  of  a  bag 
house  would  be  prohibitive  there. 

We  have  concluded  that  we  must  aspirate  gases  in  such  a 
way  that  the  sample  enters  the  orifice  of  the  sampling  tube 
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without  necessitating  a  change  in  the  direction  or  speed  of  the 
gases  and  suspended  particles  if  we  are  to  obtain  accurate  re¬ 
sults.  We  have  recently  designed  apparatus  for  obtaining  such 
results. 

One  very  important  problem  in  this  district  is  the  clean¬ 
ing  of  blast  furnace  gas  before  it  enters  the  stoves,  or  gas  en¬ 
gines.  Furthermore,  the  surplus  or  waste  gas  should  be  freed 
of  its  dust  before  being  discharged  into  the  atmosphere.  The 
problem  of  removing  this  dust,  which  comes  largely  from  the 
coke  and  iron  ore,  from  blast  furnace  gas,  would  be  quite  simple 
in  itself,  provided  we  had  no  unusual  conditions.  The  dust  is 
usually  very  dry  and  finely  divided.  The  volume  of  gases  to  be 
handled  is  quite  reasonable,  except  when  slips  or  releases  take 
place  in  the  furnace.  At  such  times  the  volume  of  gas  is  quite 
large  and  the  velocity  past  the  electrodes  is  much  greater  than 
that  under  the  average  conditions  of  operation.  It  may  not  be 
practical  to  consider  incorporating  with  individual  furnaces 
any  scheme  for  minimizing  this  difficulty,  but  apparatus  might 
be  so  constructed  as  to  care  for  the  average  of  several  furnaces, 
as  they  would  not  likely  be  releasing  large  volumes  of  gas  at  the 
same  time,  as  a  regular  thing.  It  would  be  regrettable  if  it 
should  be  necessary  to  build  apparatus  large  enough  to  care  for 
the  maximum  for  each  furnace  in  a  highly  satisfactory  manner 
and  have  this  maximum  occur  only  rarely  as  this  would  not 
facilitate  efficiency  of  design  or  operation.  A  modern  blast 
furnace  requires  an  input  of  about  50  000  cu.  ft.  of  air  per 
minute.  From  this  figure  we  can  gain  a  pretty  fair  idea  of  the 
volume  of  gas  coming  from  the  blast  furnace  when  we  know  its 
range  of  temperatures.  Ordinarily  the  volume  should  not  ex¬ 
ceed  75  000  cu.  ft.  per  min.,  but  during  slips  it  may  amount 
to  as  much  as  200  000  cu  ft.  per  min.  If  the  75  000  cu.  ft.  per 
min.  is  passed  between  the  electrodes  at  a  velocity  of  ten  feet 
per  second,  and  the  treatment  extends  throughout  a  period  of 
two  seconds,  a  treater  would  be  required  having  a  net  cross 
sectional  area  of  125  sq.  ft  and  an  effective  length  of  20  ft.  It 
is  quite  probable  that  treaters  could  be  constructed  capable  of 
producing  satisfactory  purification,  which  would  occupy  less 
space  than  that  given  above.  The  general  layout  and  arrange¬ 
ment  of  parts  will  be  dependent  upon  local  conditions.  It  may 
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be  generally  stated,  however,  that  the  dry  dust  can  be  taken  out 
of  hoppers,  (placed  at  the  bottom)  by  any  ordinary  means.  In 
case  the  quantity  is  large,  screw  conveyors  can  he  used.  Labor¬ 
ers  can  work  around  the  treater  while  it  is  in  operation  without 
being  endangered,  since  all  exposed  parts  are  carefully  ground¬ 
ed.  Provision  can  easily  he  made  for  protecting  the  high  ten¬ 
sion  lines. 

When  dry  dust  is  collected,  it  can  be  given  an  appropriate 
treatment  and  charged  back  into  the  furnace  mixed  with  the 
regular  charge,  and  thus  a  considerable  amount  of  valuable  ore 
is  conserved.  In  my  opinion  the  cost  of  an  installation  for  this 
purpose  and  the  operating  expense  are  much  below  that  of  any 
other  present  known  method  which  will  accomplish  similar  re¬ 
sults,  but  I  have  not  actual  figures  upon  a  large  installation  to 
confirm  it.  -  It  is  expected  that  these  processes  will  he  adapted 
to  these  gases  during  the  present  year.  There  are  excellent 
reasons  for  believing  that  gas  for  engines  can  he  entirely  freed 
of  visible  particles,  by  this  method. 

One  of  the  largest  and  most  important  installations  of  these 
processes  is  at  the  plant  of  the  Riverside  Portland  Cement  Co. 
at  Riverside,  California.  A  number  of  slides  will  he  shown 
which  quite  adequately  illustrate  the  importance  and  magnitude 
of  the  work.  It  was  found  necessary  to  place  the  treaters  upon 
the  factory  roof  because  the  cement  company’s  engineers  did 
not  wish  to  connect  the  kilns  to  a  general  flue  system,  fearing 
a  decreased  output  or  quality  in  their  product  due  to  restricted 
control  of  draft  with  the  general  flue  system.  This  decision 
made  it  necessary  to  provide  some  very  expensive  structural 
work  and  a  large  part  of  the  expense  of  this  installation  is  for 
this  feature.  This  cement  plant  is  situated  in  the  midst  of  some 
very  fine  orange  groves,  at  least  they  were  so  classed  prior  to 
the  operation  of  the  cement  plant.  The  dust  which  arises  from 
the  feed  end  of  the  kilns  is  carried  by  the  high  velocity  and  hot 
gases  up  the  stack  and  toward  the  atmosphere.  If  it  is  not 
collected,  it  sails  away  in  great  clouds,  and  some  of  it  is  hound 
to  settle  upon  the  leaves  and  fruit  upon  the  trees.  A  neighbor¬ 
ing  plant  has  been  the  subject  of  law  suits  instigated  by  the 
fruit  growers,  their  claims  being  that  the  dust  injured  their 
groves  and  fruit.  The  Riverside  plant  was  threatened  with  law 
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suits,  but  when  the  farmers’  committee  saw  the  first  large  Cot¬ 
trell  treater  in  operation,  they  approved  equipping  the  entire 
plant  with  the  processes.  This  work  has  been  nearly  completed. 
A  recent  report  from  there  stated  that  the  ten  treaters  were  in 
operation  and  going  along  nicely.  They  are*  collecting  about 
85  tons  of  dust  per  24  hours  from  the  ten  kilns.  In  this  plant 
the  dust  is  collected  in  hoppers  at  the  bottom  of  the  treaters, 
and  from  there  is  taken  back  into  the  feed  end  of  the  kilns 
mixed  with  the  regular  supply  of  raw  material.  The  tempera¬ 
ture  at  which  the  gases  are  handled  is  around  450  deg.  Cent. 
No  cooling  is  required,  as  long  as  the  structural  members  retain 
their  shapes.  Each  kiln  supplies  about  50  000  cu.  ft.  of  gas  per 
minute,  and  the  amount  of  dust  recovered  from  the  kiln  aver¬ 
ages  from  eight  to  nine  tons  per  twenty-four  hours.  With  the 
treaters  in  operation  no  change  in  draft  conditions  is  noted  from 
those  existing  when  the  gases  are  being  discharged  direct  into 
the  atmosphere  without  passing  through  the  treater.  The  oper¬ 
ating  costs  are  low.  The  complete  equipment  for  the  entire 
5000  barrel  mill  requires  but  35  kw.  per  hour.  The  manual 
labor  required  consists  of  one  man  per  shift,  but  it  is  desirable 
to  have  one  extra  man  on  duty.  The  equipment  is  subject  to 
onty  ordinary  deterioration.  Considerable  quantities  of  soluble 
potash  are  contained  in  the  collected  dust  and  some  consideration 
is  being  given  to  this  as  a  source  of  potash  for  fertilizer  pur¬ 
poses.  The  entire  cement  work  is  under  the  direction  of  Walter 
A.  Schmidt  of  Los  Angeles. 

Mr.  Schmidt  has  also  installed  these  processes  at  a  gas  plant 
in  California  where  illuminating  gas  is  made  from  crude  pe¬ 
troleum.  In  their  method  of  manufacture  large  quantities  of 
black  smoke  and  tar  are  encountered  and  the  object  of  the  pro- 
eesses  is  to  remove  these.  My  latest  report  from  there  stated 
that  they  were  collecting  practically  100  percent  of  the  suspend¬ 
ed  particles.  It  was  necessary  to  incorporate  special  provisions 
for  handling  this  material  in  order  to  avoid  explosions,  and  this 
has  evidently  been  successfully  accomplished. 

The  Bureau  of  Mines  lias  made  arrangements  for  installing 
a  demonstration  plant  upon  the  stack  gases  from  one  of  their 
boilers  at  the  Testing  Station  in  Pittsburgh.  With  their  equip¬ 
ment  it  will  be  possible  to  conduct  a  great  variety  of  tests  upon 
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various  kinds  of  fuel,  and  the  installation  will  be  of  such  magni¬ 
tude  as  to  make  it  possible  to  obtain  considerable  practical  data. 
In  this  connection  I  would  like  to  state  that  it  is  not  the  in¬ 
tention  that  these  processes  shall  be  recommended  as  a  panacea 
for  coal  smoke  from  every  kind  of  plant.  I  maintain  that 
earnest  efforts  should  be  made  to  obtain  smokeless  combustion 
and  high  fuel  efficiencies  wherever  expedient.  It  is  well  known 
that  some  plants  operate  at  a  fairly  high  efficiency,  even  though 
considerable  smoke  is  being  delivered  to  the  atmosphere.  One 
of  the  main  reasons  why  we  have  not  devoted  more  effort  to 
precipitating  smoke,  is  that  we  have  always  been  desirous  of 
preventing  the  formation  of  smoke  rather  than  collecting  it 

after  it  has  left  the  furnace,  as  this  certainly  is  the  logical  plan. 

/ 

And  yet  the  actual  heat  value  represented  by  the  suspended 
carbon  particles  is  probably  only  a  small  percentage  of  the  total 
heat  value  of  the  original  fuel.  But,  however  that  may  be. 
there  undoubtedly  are  many  places  where  it  would  be  quite 
economical  to  install  these  processes  for  collecting  the  suspended 
particles  of  smoke,  all  things  being  considered.  It  is  possible 
that  the  Bureau  of  Mines  installation  will  be  ready  for  opera¬ 
tion  during  the  present  month.  It  will  supplement  other  val¬ 
uable  investigations  upon  fuel  which  are  now  being  carried  out 
bv  the  Bureau. 

Arrangements  have  been  made  for  installing  the  processes 
in  various  other  industries,  but  the  above  survey  will  be  a  suffi- 
cient  indication  of  the  great  variety  of  problems  to  which  they 
can  be  applied.  Both  solid  and  liquid  particles,  or  their  mix¬ 
tures,  can  be  precipitated,  and  operations  can  be  conducted 
throughout  a  great  range  of  temperature.  For  the  benefit  of 
those  who  may  not  be  acquainted  with  the  theoretical  side  of  the 
processes,  I  will  state  that  the  particles  are  charged  electrically 
by  means  of  ions,  after  which  they  are  driven  to  collecting  elec¬ 
trodes  by  the  force  existing  in  a  strong  electric  field.  Discharge 
electrodes,  insulated  from  the  grounded  collecting  electrodes, 
are  so  constructed  as  to  give  off  a  corona  discharge  when  con¬ 
nected  to  a  suitable  source  of  electric  potential,  and  the  field  is 
so  adjusted  that  the  particles  migrate  in  only  one  direction  and 
are  precipitated  upon  the  collecting  electrodes,  while  the  gases 
•  are  free  to  advance  toward  the  treater  exit.  The  shape  and 
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size  of  the  particles  is  important  in  that  a  small  particle  lias  a 
greater  area,  per  unit  of  mass  than  a  large  particle  of  like 
character,  and  therefore  the  force  tending  to  carry  the  small 
particles  forward  is  relatively  greater  than  that  exerted  upon 
the  large  particle.  The  path  of  the  particles  while  under  the 
influence  of  the  electric  fleld  is  probably  a  tortuous  one,  since 
the  force  due  to  gas  velocity  and  the  counter  forces  due  to  the 
electric  fleld  vary  at  different  periods  between  the  electrodes; 
but  the  force  due  to  gravity  is  practically  constant.  As  the  area 
per  unit  of  mass  exposed  to  the  imaginary  force  lines  of  gas 
velocity  or  electric  fleld  increases  as  the  size  of  the  particles  de¬ 
creases,  it  will  be  seen  that  the  influence  of  gravity  is  quite  in¬ 
consequential,  when  handling  extremely  finely  divided  particles. 
We  can  imagine  particles  so  small  that  they  are  almost  all  area, 
in  which  case  the  force  due  to  gravity  is  almost  zero.  When 
particles  are  carried  in  suspension  by  a  moving  gas,  a  change 
in  direction  or  rate  of  flow  tends  to  keep  the  particles  in  sus¬ 
pension  due  to  the  relative  motion  between  the  particles  and 
surrounding  gas.  Due  to  the  fact  that  a  proportionately  greater 
number  of  force  lines  per  unit  of  mass  are  exerted  upon  small 
than  upon  large  particles,  it  will  be  seen  that  the  molecules  of 
a  gas  will  be  more  rapidly  accelerated  than  the  large  particles 
suspended  therein.  Furthermore,  we  may  say  that  the  large 
particles  have  a  greater  relative  inertia  than  small  ones.  It  is 
for  this  reason  that  it  is  found  necessary  to  withdraw  samples 
of  a  gas  in  the  manner  previously  described.  We  have  proved 
this  in  both  laboratory  and  large  scale  operations.  It  is  because 
of  these  imaginary  force  lines  and  the  relatively  large  numbers 
which  are  intercepted  by  small  particles  that  it  is  found  prac¬ 
tically  impossible  to  remove  them  by  centrifugal  means.  Fur¬ 
thermore,  the  surface  tension  of  a  liquid  used  in  scrubbing 
processes  must  be  taken  into  consideration  in  an  analysis  of 

their  operation.  It  is  generally  found  very  difficult  to  have 
* 

finely  divided  particles  collected  by  liquids,  either  in  the  form 
of  sprays  or  sheets. 

I  have  been  asked  to  give  specific  information  relative  to 
costs  of  installations.  From  the  great  variety  of  problems  in 
which  we  have  deemed  it  desirable  to  obtain  data  and  to  which 
we  have  sought  to  adapt  the  processes,  it  will  be  readily  seen 
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that  each  installation  has  been  a  problem  of  its  own  up  to  the 
present  time.  When  more  plants  have  been  installed  we  will 
probably  have  a  better  basis  of  comparison  so  that  some  reason¬ 
able  idea  can  be  given  of  the  probable  cost  when  we  have  given 
us  the  volume  of  gas  to  be  handled,  or  some  other  basic  figure. 

DISCUSSION 

Mr.  0.  P.  Hood:*  It  has  been  the  fixed  belief  of  good  en¬ 
gineers  that  to  secure  a  smokeless  stack  the  process  of  com¬ 
bustion  must  be  so  developed  as  to  prevent  the  formation  of  smoke 
at  any  time  during  the  process.  Methods  of  capturing  the  un¬ 
desirable  product  when  once  made  have  heretofore  proved  im¬ 
practicable  or  delusive. 

The  Cottrell  process  holds  so  much  of  promise,  however, 
it  is  quite  probable  that  the  dream  of  the  uninitiated  is  to  come 
true;  namely,  an  available  device  which  may  be  attached  to  a 
smoke  stack  that  will  eliminate  smoke.  It  fails  to  realize  this 
dream  in  that  the  proposed  device  can  not  be  a  cheap  substitute 
for  good  furnace  construction  and  good  management.  The 
order  of  expenditure,  at  least  for  small  plants,  is  quite  com¬ 
parable  with  that  of  reinstalling  good  furnaces. 

From  the  illustrations  given  it  is  evident  that  a  consider¬ 
able  construction  is  required ;  that  there  must  be  an  available 
supply  of  water  to  catch  and  carry  the  precipitated  material : 
and  that  the  high  tension  electric  devices  must  always  require  a 
reasonable  amount  of  intelligent  oversight  as  well  as  excellent 
design  and  installation. 

Mr.  Bradley  has  made  it  very  clear  that  it  is  not  the  field 
of  this  device  to  compete  with  smokeless  furnaces,  but  rather  to 
supplement  them  and  in  some  cases  to  provide  an  added  re¬ 
finement.  Were  the  stacks  of  the  New  York  Edison  Company 
located  in  Pittsburgh,  they  would  doubtless  be  considered  most 
exemplary,  but  being  located  in  a  community  demanding  a  high¬ 
er  order  of  atmospheric  cleanliness  than  is  common  here,  there 
is  room  for  the  application  of  this  most  interesting  precipitation 
process  as  a  further  cleaner  of  what  would  be  called  here  fairly 
clean  gases. 

The  paper  contains  the  phrase  “percent  clearance"  to  de- 

♦Chief  Mechanical  Engineer,  U.  S.  Bureau  of  Mines.  Pittsburgh. 
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note  that  part  of  the  suspended  material  which  is  cleared  from 
the  gases.  While  this  is  a  perfectly  proper  use  of  the  term, 
this  prase  has  had  for  so  many  years  a  well-recognized  specific 
technical  meaning  in  mechanical  engineering  that  it  seems  un¬ 
fortunate  that  it  should  be  used  to  convey  a  totally  different 
technical  meaning  in  this  new  art.  We  may  here  create  a  con¬ 
fusion  similar  to  what  we  have  in- the  use  of  the  word  “calori¬ 
meter.”  It  is  hoped  that  some  phrase,  such  as  “efficiency  of 
precipitation,”  may  be  found  that  will  carry  the  meaning  in  a 
better  manner  and  without  confusion. 

It  appears  to  me  that  Mr.  Bradley  has  made  a  valuable 
generalization  in  the  statement,  which  I  quote,  “That  we  must 
aspirate  gases  in  such  a  way  that  the  sample  enters  the  orifice 
of  the  sampling  tube  without  necessitating  a  change  in  direction 
or  speed  of  the  gases  and  suspended  particles,  if  we  are  to  ob¬ 
tain  accurate  results”  in  sampling.  The  mechanics  underlying 
this  generalization  is  so  sound  and  the  experiment  on  a  large 
scale,  cited  by  Mr.  Bradley,  is  so  conclusive  that  such  sampling 
mehods  must  hereafter  be  tested  by  this  generalization.  Hav¬ 
ing  had  the  advantage  of  this  generalization  in  conversation  with 
Mr.  Bradley,  I  have  had  occasion  to  use  it  in  considering  meth¬ 
ods  of  sampling  steam,  furnace  gases  and  atmospheres  carrying 
coal  dust,  and  have  found  it  very  helpful  in  criticising  methods 
previously  used,  and  in  devising  other  methods. 

Engineers  are  quite  prepared  to  comprehend  and  glory  in 
the  technical  success  of  members  of  their  profession,  but  to 
comprehend  the  reasons  impelling  a  man  to  forego  probable 
profits  and  a  fortune  by  assigning  his  patented  devices  to  an 
unpaid  board,  managing  a  corporation  whose  stock  is  forbidden 
to  declare  a  dividend,  and  whose  profits  are  to  be  devoted  solely 
to  enlarging  the  field  of  human  knowledge :  all  this  requires  an 
understanding  of  things  outside  the  materialistic  atmosphere  in 
which  the  engineer  is  supposed  to  live.  I  wish  here  to  express 
my  deep  admiration  of  the  altruistic  scheme  which  is  expressed 
in  this  Research  Corporation. 

Mr.  A.  C.  Banks  :*  I  cannot  say  that  I  have  had  any  ex¬ 
perience  with  this  particular  process  but  have  had  the  pleas- 

♦Chief  Engineer,  Gas  Engines,  Edgar .  Thomson  Works,  Carnegie  Steel 
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ure  of  discussing  it  with  Mr.  Bradley  and  Mr.  Cottrell  on  one 
of  their  former  visits  here. 

Our  conversation  was  principally  related  to  the  cleaning 
of  blast  furnace  gas  for  hot  blast  stoves  and  gas  engines  and  it 
was  thought  at  that  time  that  the  process  would  eventually  find 
an  important  place  for  that  purpose. 

Nearly  all  of  the  installations  for  cleaning  this  gas  at  the 
present  are  of  the  wet,  or  combined  dry  and  wet  type  and  any 
process  by  which  the  water  could  be  eliminated  and  still  main¬ 
tain  efficient  cleaning  would  be  very  valuable  and  a  consider¬ 
able  improvement  on  the  present  methods. 

Some  objection  was  advanced  on  account  of  the  possible 
danger  of  an  electric  spark  passing  between  the  electrodes  in 
a  line  filled  with  explosive  gas  and  on  account  of  the  relatively 
small  volume  of  air  required  for  an  explosive  mixture  of  this 
gas  over  that  required  for  illuminating  gas  or  other  explosives 

on  which  the  process  has  been  used  the  danger  becomes  greater. 

» 

I  understood  that  this  could  be  satisfactorily  overcome  and 
would  like  to  inquire  if  any  further  developments  along  this 
Mne  have  occured.  The  disposition  of  the  dirt  from  the  elec¬ 
trodes  would  also  require  a  suitable  solution  as  it  could  not  be 
allowed  to  run  off  by  gravity  as  is  done  at  the  cement  plants 
mentioned  due  to  the  escaping  gas.  At  present  it  is  all  re¬ 
moved  through  a  water  seal  and  some  suitable  mechanical  de¬ 
vice  for  replacing  this  seal  would  be  necessary. 

The  Author:  We  have  not  taken  up  the  blast  furnace 
proposition  yet,  simply  because  we  have  not  had  time  or  men 
to  do  it.  We  have  worked  on  gases  which  are  more  explosive 
than  blast-furnace  gas  and  have  overcome  that  obstacle  pretty 
well,  so  I  do  not  believe  there  will  be  any  unusual  trouble  with 
this  particular  kind  of  gas.  I  think  we  can  handle  it  very  nicely 
and  get  it  very  clean,  judging  from  our  recent  results.  Of 
course,  proof  is  the  best  thing,  and  we  will  have  to  get  into  this 
field  and  ascertain  just  what  can  be  done. 

Mr.  Bradley  Dewey!  :  I  have  had  no  experience  with  the 
process,  but  have  been  very  much  interested  in  it  ever  since  read¬ 
ing  Mr.  Bradley’s  paper  presented  in  New  York. 

jChief  of  Research  Laboratory,  American  Sheet  and  Tin  Plate  Company, 
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In  working  in  our  laboratory  Mr.  Lawrence  has  recently 
brought  to  my  attention  some  very  interesting  phenomena, 
which  may  be  explained  by  the  conceptions  brought  out  in  Mr. 
Bradley’s  paper.  As  an  example  of  one  of  these,  it  has  been 
noted  that  whenever  we  have  experimental  work  demanding  the 
use  of  ammonium  chloride  as  a  flux,  the  fumes  have  a  tendency 
to  accumulate  on  the  belts  all  over  the  laboratory,  though  they 
do  not  condense  appreciably  on  any  other  material.  The  belts  are, 
as  is  often  the  case,  highly  charged,  as  is  evidenced  by  the  fact 
that  they  attract  one’s  hair  from  a  great  distance.  This  effect 
has  been  even  found  to  cause  condensation  of  tar  smoke  on  one’s 
arm  when  within  a  few  inches  of  the  belt,  though  no  such  con¬ 
densation  would  take  place  when  the  operator  was  an  appreciable 
distance  away  from  the  belting.  I  suppose  these  are  but  small 
scale  applications  of  the  same  principle  which  Mr.  Bradley  has 
told  us  about  tonight. 

Dr.  H.  C.  Porter  :*  What  is  the  proper  application  of  this 
method  to  throw  down  the  tar  from  gases  from  by-product  coke 
ovens,  or  gas  retorts  for  illuminating  gas? 

The  Author:  The  illuminating  gas,  which  I  described 
tonight,  contains  a  mixture  of  smoke  and  tar.  I  have  not  had 
any  direct  experience  with  tar  from  illuminating  gas,  but  I 
observed  some  tests  made  at  the  Ann  Arbor  Gas  Works  and 
saw  the  tar  recovered  by  these  processes.  Within  a  space  of 
about  eleven  inches  of  electric  field  they  got  a  better  removal  of 
the  tar  than  by  any  mechanical  separator  they  had  ever  used. 
I  believe  that  within  a  space  of  four  or  five  feet  of  electric  field 
they  would  get  a  complete  clean-up.  The  tar  can  be  handled 
easily  if  you  operate  upon  the  gases  at  a  temperature  such  that 
it  will  easily  run  off  the  electrodes,  or  you  can  remove  it  in 
some  other  simple  manner.  But  if  it  gets  on  the  electrodes 
when  the  temperature  is  reduced  to  a  point  where  the  tar  be¬ 
comes  congealed,  and  it  is  later  baked  on,  it  would  not  be  easily 
handled.  However,  they  do  not  have  any  trouble  with  the  tar 
up  there ;  it  runs  off  and  is  a  very  good  grade  of  tar,  I  have  been 
told. 

♦Chemist,  U.  S.  Bureau  of  Mines,  Pittsburgh. 
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Mr.  Bradley  Dewey  :  I  would  like  to  ask  Mr.  Bradley  if 
they  have  ever  found  that  some  of  the  materials  insulate  the 
electrode  and  retard  the  charging  of  the  atmosphere,  and  does 
tar  retard  the  action  because  of  its  comparatively  high  dielectric 
strength  ? 

The  Author  :  Cement  dust,  which  is  collected  at  a  temp¬ 
erature  of  400  deg.  Cent.,  or  over,  is  a  pretty  good  insulator. 
We  feared  trouble  from  that.  We  have  had  the  electrodes  cov¬ 
ered  to  a  depth  of  perhaps  an  inch  all  over,  and,  while  we  be¬ 
lieve  it  does  decrease  the  efficiency  somewhat,  due  to  the  resist¬ 
ance  of  the  dust,  yet  it  does  not  operate  against  it  practically. 
It  is  found  that  a  corona  is  maintained  from  the  discharge 
electrode  even  though  the  collecting  electrode  is  covered  with 
an  insulating  material. 

I  do  not  know  the  dielectric  strength  of  tar,  but  it  did 
not  prohibit  operations  in  that  particular  case,  and  the  testing 
was  conducted  with  very  crude  apparatus.  Liquids  are  handled 
much  more  easily  than  solids. 

Prof.  W.  Trinks  :*  What  do  you  do  with  the  dust  or 
smoke  after  it  is  collected,  how  do  you  dispose  of  the  collected 
matter  ? 

The  Author  :  That  depends  upon  the  physical  character 
of  the  material.  If  it  is  very  dry  it  should  not  stick  to  the 
electrodes;  after  it  has  become  heavy  enough  it  will  drop  of 
itself.  In  some  cases  it  is  necessary  to  have  a  mechanical  rap¬ 
per.  If  the  material  is  liquid,  it  will  run  oft*  the  collecting  elec¬ 
trodes  by  gravity.  With  some  materials  it  is  a  question  as  to 
the  best  method  of  handling  it. 

Mr.  P.  B.  Findley*  :  I  would  like  to  ask  why  the  mercury 
vapor  rectifier  would  not  be  suitable  in  large  installations. 

The  Author  :  The  mercury  vapor  rectifier  does  not  give  as 
high  a  potential  as  we  require  in  most  instances.  Sir  Oliver 
Lodge  has  developed  some  high  tension  valves,  which  he  thinks 
will  be  satisfactory  in  small  installations. 

♦Professor  of  Mechanical  Engineering:,  Carnegie  Institute  of  Technology. 
Pittsburgh. 
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Mr.  A.  C.  Danks:  One  other  point  in  regard  to  the  blast 
furnace  gas  I  would  like  to  have  brought  out.  All  our  blast 
furnace  gas  carries  quite  a  large  percentage  of  moisture  when 
it  leaves  the  furnace.  We  add  further  moisture  to  that  by  the 
fact  that  we  wet  clean  it  at  the  present  time.  Would  the 
presence  of  that  moisture  in  the  gas  be  a  draw  back  in  any  way 
to  the  electric  part  of  the  problem? 

The  Author  :  Xot  at  all.  It  should  be  an  advantage.  If 
you  have  water  in  the  gas  in  the  form  of  small  particles,  the 
precipitation  is  much  better  than  when  you  do  not  have  it.  In 
some  cases  we  introduce  moisture  intentionally  for  that  very 
purpose,  and  also  to  change  the  dielectric  condition  of  the  gas. 
With  sulphuric  acid  mist  you  would  expect  short-circuiting  if 
anywhere,  and  we  do  not  have  any  trouble  when  handling  this 
material. 

Mr.  G.  A.  Hewlett  :*  Is  Mr.  Bradley  in  a  position  to  tell 
us  anything  about  removing  small  quantities  of  foreign  gases 
from  air  or  other  gases? 

The  Author:  A  good  example  of  a  gas  is  S03,  and  a  good 
way  to  remove  this  from  other  gases  is  to  introduce  sufficient 
moisture  to  convert  the  S03  into  H2  SO±,  and  then  pass  the  gas, 
carrying  the  small  particles  of  acid,  through  an  electric  field 
such  as  I  have  described  and  precipitate  the  acid  upon  the  col¬ 
lecting  electrodes  and  allow  it  to  flow  down  their  surfaces  by 
gravity.  A  proposed  method  of  removing  sulphur  dioxide  gas 
from  smelter  gases  is  to  oxidize  the  S02  to  S03  and  then  pro¬ 
ceed  as  just  outlined.  There  are  a  number  of  other  things  that 
can  be  removed  along  analogous  lines,  and  as  a  further  example 
I  may  state  that  ammonia  gas  can  be  removed  by  first  allowing 
it  to  react  with  hydrochloric  acid  gas  thus  forming  ammonium 
chloride  fumes  and  then  subjecting  the  gas  and  suspended 
particles  to  the  action  of  the  electric  field.  Nitric  acid  can  be 
handled  by  allowing  it  to  react  with  some  reagent  which  will 
convert  it  into  a  precipitable  compound  and  recovering  the 
latter.  Other  examples  could  be  cited  but  the  foregoing  ans¬ 
wers  your  question  I  believe. 

•Chief  Chemist,  U.  S.  Bureau  of  Mines,  Pittsburgh. 
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Mr.  A.  C.  Danks  :  A  question  as  to  the  velocity  of  the  gases : 
It  is  occasionally  happens  that  velocities  as  high  as  40  ft.  per  sec. 
are  encountered  in  some  of  the  lines.  This  practice  varies  with 
the  different  blast  furnace  installations  and  the  advisability  of 
going  this  high  is  a  matter  of  a  difference  in  opinion  with  differ¬ 
ent  operators.  Velocities  of  20  to  30  ft.  per  sec.  however  are 
common  and  I  would  like  to  inquire  as  to  just  about  what  ve¬ 
locity  in  the  cleaner  would  be  necessary  to  get  the  most  satis¬ 
factory  results. 

The  Author  :  It  depends  in  a  great  measure  on  the  ma¬ 
terial.  If  it  will  coalesce  easily  it  can  be  removed  from  gases 
moving  at  a  velocity  of  15  to  20  ft.  per  sec.  But  if  the  material 
is  light,  dry  and  fluffy  and  will  not  remain  upon  the  collecting 
electrodes  after  having  been  precipitated,  by  virtue  of  its 
physical  condition,  it  is  necessary  that  the  gas  velocity  be  so 
reduced  that  the  force  due  to  the  electric  field  is  great  enough 
to  prevent  the  gas  velocity  carrying  the  particles  beyond  the 
zone  of  the  electric  field  before  being  removed  from  the  influ¬ 
ence  of  the  gas  velocity.  Liquid  particles  are  most  liable  to 
remain  upon  the  surface  of  the  collecting  electrodes  after  having 
been  precipitated. 

A  Member  :  W ill  Mr.  Bradley  give  us  some  information 
regarding  the  collection  of  S02? 

The  Author:  This  S02  problem  is  the  one  great  smelter 
problem  to  be  solved.  A  great  many  parties  are  taking  this  up. 
I  understand  the  greatest  advance  has  been  made  with  what  is 
called  Young's  Thiogen  Process,  whereby  the  sulphur  in  the 
S02  is  converted  into  elemental  sulphur.  The  S02  can  be 
oxidized  to  S03  and  converted  into  I7„  S04,  but  if  recovered  you 
would  soon  have  such  a  great  quantity  of  sulphuric  acid  from 
the  large  smelters  that  there  would  be  no  market  capable  of 
absorbing  it.  There  is  a  method  of  operation  being  investigated 
in  California  for  getting  rid  of  the  sulphur  from  pyrites  di¬ 
rectly  and  not  converting  it  into  S02,  S03,  or  II 2  SO+,  but  that 
work  is  just  starting  and  there  is  nothing  definite  to  be  reported 
upon  it  at  the  present  time. 


THE  FIREPROOF  BUILDING: 

ITS  ADVANTAGES  AND  ITS  WEAKNESSES 


By  H.  W.  Forster* 


Recently  in  running  through  some  proceedings  of  the 
British  Concrete  Institute  in  preparation  for  this  evening,  I 
discovered  that  the  English,  as  well  as  we,  were  arguing  among 
themselves  the  question  whether  the  term  “fireproof”  can  prop¬ 
erly  be  used,  and  they  came  to  the  same  conclusion,  as  have  all 
our  American  engineers,  that  “fire  resistive”  is  the  proper 
term.  But  “fireproof”  seems  to  have  so  strong  a  hold  upon 
the  world  that  the  term  will  continue  to  be  used,  although  it 
is  somewhat  of  a  misnomer. 

The  fireproof  building  which  we  are  discussing  tonight  will 
be  of  the  many  storied  type,  containing  combustible  material.  It 
will  not  be  necessary  to  more  than  touch  upon  the  steel  mill 
building,  common  in  the  Pittsburgh  District,  having  a  steel 
frame  with  corrugated  iron  covering  and  nothing  in  it  of  a 
combustible  character.  But  we  are  particularly  interested  in  a 
structure  of  the  office  or  warehouse  or  factory  type  and  of 
fireproof  construction. 

What  do  we  expect  of  a  fireproof  building?  I  be¬ 
lieve  we  expect  three  things.  First,  that  it  shall  preserve  its 
contents  against  fire,  originating  within  or  outside  the  build¬ 
ing.  Second,  that  the  fireproof  building  itself  shall  withstand 
fire  successfully.  Third,  that  every  fireproof  building  shall 
be  a  barrier  to  conflagration.  I  think  that  you  as  engineers 
are  convinced  that  conflagration  is  something  which  always 
menaces  us,  and  I  am  prepared  to  certify  that  there  is  not  an 
American  city  in  which  conflagration  is  not  possible. 

What  has  been  the  showing  made  by  fireproof  buildings? 
This  can  be  summarized  under  two  heads.  First,  fireproof 

Presented  before  the  Structural  Section  March  4,  and  published  in  the 
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buildings  have  failed  in  practically  every  conflagration  to  pro¬ 
tect  contents  or  to  escape  without  much  structural  damage  ex¬ 
cept  in  the  few  cases  where  the  window  openings  were  protected 
with  wire  glass  windows  or  shutters.  Second,  fireproof  build¬ 
ings  can  resist,  in  varying  degrees,  fire  breaking  out  within 
them. 

Fires  have  been  confined  entirely  to  small  sections,  as 
in  that  memorable  case  in  the  26th  story  of  the  Singer  Build¬ 
ing  about  a  year  ago.  Much  advertising  use  was  made  of  that 
incident.  Two  rooms  burned  out  completely  and  metal  doors 
kept  the  fire  in  those  rooms.  The  fire  department,  which  re¬ 
quired  about  twenty-five  minutes  to  get  up  to  that  level,  had 
nothing  to  do  but  put  out  the  embei's. 

Buildings  have  suffered  considerable  damage,  as  for  ex¬ 
ample  the  State  Capital  Building  at  Albany,  N.  Y.  You  will  re¬ 
member  that  fire  in  which  five  or  six  million  dollars  of  damage 
was  done,  principally  to  the  finish  of  the  building  and  to  the 
contents. 

Finally  there  are  fires  such  as  that  in  the  Equitable  build¬ 
ing  in  New  York,  in  which  the  structure  was  razed  because  it 
was  so  badly  damaged.  It  was  a  very  poor  and  old  type  of  fire¬ 
proof  building. 

What  are  the  reasons  why  fires  damage  buildings?  In  our 
fireproof  of  construction  we  very  frequently  have  large  un¬ 
broken  areas.  This  was  true  in  the  Equitable  building.  Our 
large  department  stores,  which  are  nearly  all  fireproof,  have  in 
the  majority  of  cases  excessively  large  areas  and  there  is  a  real 
menace  in  that.  Next,  and  more  important  than  the  factor  of 
areas,  is  the  tendency  on  the  part  of  builders  and  designers  of 
buildings  to  connect  them  from  the  bottom  to  the  top  by  means 
of  open  light  courts,  elevator,  stairs,  ventilating  and  dumb  waiter 
shafts,  and  other  unprotected  openings  through  floors.  In 
other  words  there  is  small  chance,  if  a  fire  is  well  under  way, 
of  its  being  confined  to  any  one  floor.  It  goes  rushing  up  these 
draught  holes,  and  spreads  throughout  the  building.  Heat 
tends  to  rise  and  it  travels  very  rapidly. 

Then  there  is  another  cause  for  our  buildings  failing  so 
frequently  and  that  is  the  lack  of  protection  of  window  openings. 
We  build  fireproof  buildings  and  build  them  well,  then  fill  them 
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full  of  combustible  material  and  leave  hundreds  of  openings  in 
the  walls  protected  only  by  wooden  window  frames  and  plate 
glass.  Wood  begins  to  char  at  500  deg.  Fahr.  It  burns  at  700 
to  800  deg.  Any  respectable  fire  will  develop  a  temperature  of 
from  1800  to  2000  deg.,  and  a  moderate  amount  of  radiant  heat 
will  cause  such  windows  to  fail.  The  fire  annals  are  full  of 
cases  of  fireproof  buildings  being  more  or  less  burned  out  by 
reason  of  the  lack  of  window  protection.  I  have  sometimes 
likened  the  degree  of  intelligence  which  leads  a  man  to  put  up 
a  building  of  the  valuable  modern  type,  without  protecting  the 
windows,  to  the  intelligence  of  a  man  who  would  build  a  safety 
deposit  vault  and  put  a  wooden  door  on  the  opening.  What  is 
the  use  of  fireproof  construction  if  it  is  left  vulnerable  at  so 
many  points? 

The  serious  fireproof  building  losses  are  primarily  due  not 
to  faulty  fireproofing  of  steel,  but  to  large  areas,  unprotected 
vertical  openings,  and  lack  of  window  protection.  A  fireproof 
building  ordinarily  is  nothing  but  a  stove  full  of  material  that 
can  burn,  and  waiting  for  some  one  to  touch  the  match.  If 
we  have  a  good  stove  it  is  not  damaged  appreciably  by  what 
burns  in  it,  but  a  poor  stove  fails.  That  is  about  the  simplest 
and  homliest  comparison  that  we  can  use  for  good  and  bad 
fireproof  buildings. 

One  of  my  acquaintances  in  Rochester,  N.  Y.,  sat  down 
with  a  competent  architect  in  his  city  and  figured  out  that  the 
ordinary  office  building  about  100  ft.  front,  150  ft.  deep  and 
twelve  stories  high,  contains  in  the  form  of  fixed  combustible 
material,  comprising  floors,  moldings,  door  and  window  frames, 
partitions,  stairs,  stair  rails,  and  similar  structural  parts,  enough 
combustible  material  to  run  the  Mauretania  24  hours,  which  I 
recall  burns  1200  to  1300  tons  of  coal  during  that  period.  The 
older  type  of  fireproof  office  buildings  will  probably  contain  50 
percent  more  combustible  material.  If  we  add  to  the  combus¬ 
tible  portions  of  the  building  the  combustible  contents,  ranging 
from  a  few  chairs  and  desks  to  a  dry  goods  store  stock  we  have 
wonderful  heat  producing  possibilities. 

Occasionally  statements  appear  in  print  regarding  the  tem¬ 
peratures  which  are  reached  in  fire.  Usually  they  are  exag¬ 
gerated.  As  has  been  pointed  out  a  good  sized  fire  will  produce 
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temperatures  of  from  1800  to  2000  deg.  Fahr.  and  a  fire  which 
has  a  particularly  large  amount  of  material  to  feed  it  and  good 
draft  conditions  will  develop  temperatures  up  to  2200  deg. 
Some  fires  are  authentically  known  to  have  gone  higher  than 
that.  When  we  consider  that  concrete  begins  to  dehydrate  at 
500  deg.,  and  that  steel  beyond  1000  to  1200  deg.  loses  its  strength 
rapidly  and  at  about  1700  deg.  is  incapable  of  sustaining  its 
own  weight,  it  is  seen  that  a  temperature  around  2000  deg.  can 
do  tremendous  damage  to  an  improperly  designed  or  built  fire¬ 
proof  building. 

What  principal  forms  of  fireproof  buildings  does  the  market 
afford  today?  First,  steel  frames  with  tile  floor  arches,  column 
protection,  and  partitions;  second,  steel  covered  with  concrete; 
and  third,  reinforced  concrete. 

Steel-tile  buildings  are  undoubtedly  most  common,  but  I  p re¬ 
sume  that  there  is  some  doubt  as  to  whether  steel-concrete  or 
concrete-steel  are  the  more  common  forms  involving  the  use  of 
concrete.  I  think  that  some  fireproof  buildings  protected  with 
gypsum  and  expanded  metal  and  plaster  may  be  properly  left 
out  of  this  discussion.  The  proposition  resolves  itself  into  two 
types  of  construction,  viz.  steel  and  tile,  and  steel  and  concrete,  or 
reinforced  concrete.  After  attempting  for  a  number  of  years  to 
follow  closely  the  fire  experiences  with  buildings  of  these  types, 
and  reading  diligently  the  literature  which  the  profession  affords, 
I  believe  that  the  majority  of  engineers  are  agreed  that,  the  qual¬ 
ity  of  design  being  good  in  each  case,  the  building  which  is  pro¬ 
tected  with  concrete  has  superior  fire  resistive  power  to  the  build¬ 
ing  which  is  protected  with  tile.  ' 

It  does  not  follow,  necessarily,  that  the  concrete  building 
is  always  the  one  to  use,  but  it  has  superior  fire  restising  powers. 
1  have  listed  some  of  the  reasons  why  that  is  true. 

Fii'st:  Steel  and  concrete  expanded  at  substantially  the 
same  rate;  steel  and  tile  do  not.  Clay  tile  has  a  coefficient,  of 
expansion  practically  twice  as  great  as  steel.  Obviously  this 
may  cause  trouble. 

Second :  Concrete  protection  for  a  column,  for  example  is 
in  one  solid  mass.  Tile  fireproofing  on  the  other  hand,  is  made 
up  of  a  very  large  number  of  comparatively  small  units  held  to- 
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gether  with  mortar,  with  defects  introduced  by  careless  labor, 
and  requiring  bonds,  which  are  frequently  omitted. 

Third:  Tile  expends  more  rapidly  on  the  heated  side  than 
on  the  unheated  side.  The  ordinary  column  protection  consisting 
of  a  four  inch  tile  with  an  outer  and  inner  face  about  0.75  inch 
thick,  will  expand  rapidly  on  one  side  and  very  slowly  on  the 
other,  and  when  broken  the  air  space  protecting  value  is  lost. 

Fourth :  There  is  great  temptation  to  do  poor  work  in  set¬ 
ting  up  fireproofing  tile.  Recently  in  a  building  in  Chicago  I 
saw  some  new  marble  finish  going  in,  and  when  the  workmen 
took  down  the  old  finish  about  one  tile  in  ten  was  found  to  be 
'  defective.  The  same  thing  is  shown  after  conflagrations.  The 
soffets  of  floor  tile  will  be  missing  when  the  finish  has  fallen 
away. 

Fifth  :  The  .difficulty  of  setting  tile  for  protecting  girders 
and  beams  must  not  be  overlooked.  The  customary  practice  is 
to  put  a  tile  of  special  form  on  each  side  of  the  beam  and  use  a 
skew-back  to  protect  the  lower  face.  It  is  difficult  to  get  these 
parts  to  fit,  and  it  is  difficult  to  avoid  some  movement  at  the 
time  of  fire  and  to  prevent  the  falling  away  of  considerable  pro¬ 
tection.  A  very  common  practice  is  to  put  tiling  on  the  sides 
and  then  merely  expanded  metal  and  plaster  on  the  under  side. 
That  looks  good  after  the  building  is  finished  but  it  is  of  course 
simply  inviting  disaster. 

So  much  for  the  comparative  value  of  concrete  and  tile. 
We  may  safely  assume  that  concrete  from  the  fireproofing  stand¬ 
point  is  superior,  but  we  immediately  face  the  question  as  to 
whether  we  should  always  use  it.  Tile  is  lighter  and  consequent¬ 
ly  cheaper,  and  is  universally  used  in  high  structures.  In  view 
of  the  fact  that  high  structures  are  usually  office  buildings, 
which  have  the  minimum  of  combustible  contents  and  compara¬ 
tively  small  areas,  I  do  not  feel  that  a  good  tile  is  unsatisfactory 
for  such  a  building.  But  in  the  ten  and  twelve  story  class  I 
believe  that  concrete,  either  reinforced  or  used  on  a  steel  frame 
is  materially  better  and  sufficiently  cheap  to  warrant  it  being 
earnestly  considered.  In  the  case  of  the  factory  building  of 
four,  five,  or  six  stories,  which  is  to  carry  heavy  floor  loads,  be 
waterproof,  and  have  inexpensive  finish,  the  factors  are  altogeth¬ 
er  in  favor  of  steel-concrete  or  reinforced  concrete.  If,  however,  a 
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building  has  elevator  shafts,  stairways,  and  outside  windows  pro¬ 
tected,  and  is  cut  up  into  small  areas,  the  question  of  what 
form  of  construction  is  employed  is  much  less  important  because 
fires  will  be  comparatively  small  and  localized. 

The  next  question  is  one  of  the  amount  of  fireproofing  which 
is  necessary  to  insure  the  integrity  of  the  structure.  1  have 
been  interested  to  see  the  report  of  the  Joint  Committee  on  Re¬ 
inforced  Concrete  Construction.  That  Committee  recommends 
that  columns  should  have  two  inches  of  protection,  both  steel- 
concrete  and  reinforced  concrete,  though  that  was  a  committee 
on  reinforced  concrete.  It  says  that  on  girders  1.5  inch  is  suffi¬ 
cient  and  on  floor  slabs  0.75  to  1.00  inch  is  enough.  British 
practice  exceeds  that  slightly,  perhaps  50  percent  all  along  the 
line.  Our  American  fire  protection  engineers  raise  the  English- 
raa  nfifty  percent,  so  we  believe  that  important  columns  should 
have  as  much  has  four  inches  of  fireproofing,  and  at  least  three 
inches  for  a  building  with  reasonably  combustible  contents ;  that 
girders  should  have  two  to  four  inches  of  protection,  three 
inches  being  about  the  average;  that  less  important  floor  beams 
should  have  two  inches  of  protection,  which  is  the  minimum  that 
we  desire  at  any  point.  As  far  as  I  have  been  able  to  discover, 
the  tests  which  have  been  made  of  the  distance  to  which  fire 
will  calcine  concrete,  indicate  that  penetration  seldom  exceeds 
one  inch. 

The  statement  was  made  that  the  reason  concrete  does  not 
calcine  very  deeply  even  in  long  continued  and  hot  fires  is  that 
the  air  spaces  which  are  formed  by  the  moisture  driven  out 
have  an  insulating  value,  and  in  calcining  the  concrete  naturally 
takes  up  heat  from  the  material  back  of  the  face  exposed  to  the 
fire,  and  that  tends  to  slow  down  the  penetration  speed.  But 
if  we  are  to  admit,  and  I  think  we  have  to,  that  one  inch  of 
penetration  is  possible  and  likely  in  a  serious  tire,  I  do  not 
think  we  should  consider  less  than  two  inches  of  protection  at  any 
point. 

Fireproofing,  which  is  provided  for  steel  frames,  viz :  * 
around  columns,  girders,  and  beams,  must  be  reinforced.  In 
other  words,  expanded  metal  or  its  equivalent  must  be  carried 
around  columns  and  the  soffets  of  the  beams  and  girders  and  be 
firmly  fastened  in  place.  Then  a  rich  concrete  mixture  must  be 
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well  tamped  so  that  it  gets  through  the  reinforcement  and  fills  up 
the  voids.  That  sort  of  treatment  is  necessary.  Otherwise  the 
entire  protection  under  the  action  of  heat  may  fall  away  from 
the  face  of  the  steel. 

I  was  interested  in  reading  a  statement,  made  by  one  of 
our  American  college  men  who  is  qualified  to  speak,  that  the 
tendency  of  calculable  stones  to  split  up  and  cause  surface  dis¬ 
integration  is  just  about  equaled  by  the  tendency  of  poorly 
burned  cinder  to  burn  out  somewhat  more,  and  he  argues  that 
the  ordinary  stone  concrete  and  cinder  concrete  are  equally 
good.  From  fire  resisting  standpoint  I  think  that  may  be  said 
to  be  true. 

The  next  question  I  should  like  to  discuss  is  the  one  of 
cutting  off  the  floors  from  each  other.  If  you  civil  engineers 
were  called  upon  to  design  an  office  building,  25  stories,  like  the 
one  in  which  we  are  this  evening,  you  would  figure  on  the  wind 
bracing  as  well  as  on  the  columns  and  beams  to  carry  the  dead 
load.  You  would  not  judge  it  good  policy  to  figure  wind  brac¬ 
ing  for  30  miles  an  hour  simply  because  you  thought  the  wind 
would  never  exceed  that  rate,  or  because  in  the  last  ten  years 
the  Weather  Bureau  did  not  show  any  winds  beyond  that  ve¬ 
locity.  Similarly,  if  you  were  putting  up  a  fireproof  building 
you  could  not  assume  that  a  fire  is  going  to  be  confined  in  the 
office  where  it  breaks  out  and  not  seek  elevators  and  stairs  and 
spread  upwards.  The  fire  annals  are  full  of  instances  where 
fire  in  fireproof  buildings  of  good  types  has  rapidly  traveled  up 
elevator  shafts  and  stairways  and  even  private  stairways  con¬ 
necting  two  or  three  stories  of  a  New  York  apartment  house, 
or  up  from  window  to  window  in  outside  walls,  especially  in 
angles  in  walls  and  in  deep  courts  where  a  chimneylike  action 
may  be  produced. 

If  you  are  going  to  put  up  a  good  structure  you  must  re¬ 
member  that  the  elevators  should  be  enclosed.  The  usual  method 
is  to  place  metal  and  wire  glass  doors  in  brick,  concrete  or  like 
shafts,  which  gives  good  results  because  fire  has  to  get  through 
one  door,  go  up  the  shaft,  in  which  there  is  nothing  to  burn 
and  break  through  another  door  in  order  to  get  into  the  next 
story. 


FORSTER — THE  FIREPROOF  BUILDING 


141 


Put  the  stairs  into  shafts,  and  see  that  they  are  as  good 
in  fire  resisting  power  as  the  floors.  The  openings  should  have 
good  fire  doors.  Do  not  build  ventilating  shafts  and  dumb 
waiters  and  line  them  with  wood,  for  these  make  excellent  flues. 
The  Equitable  fire  for  instance,  was  caused  by  an  employee  of 
the  Savarian  Cafe  striking  a  match,  which  was  thrown  into  a 
waste  basket.  Fire  broke  out  in  the  office.  It  travelled  up  the 
wooden  lined  dumb  waiters,  which  led  to  the  Lawyer’s  Club 
and  one  or  two  other  points,  and  very  quickly  the  fire  struck 
the  roof,  mushroomed,  and  worked  downward  against  the  con¬ 
centrated  efforts  of  the  greatest  fire  department  in  the  world. 

The  next  question  is  one  of  exposure.  I  have  called  your 
attention  to  the  fact  that  buildings  are  continually  burning  out 
through  fire  entering  the  windows.  The  conflagration  annals 
show  that  in  almost  every  case,  fireproof  buildings  have  been 
burned  out  completely.  The  individual  fire  annals  show  that 
wherever  there  is  a  real  exposure  adjoining  or  close  to  a  fire¬ 
proof  building,  which  does  not  have  wire  glass  to  protect  it.  the 
building  suffers.  Every  man  who  knows  anything  of  proper 
building  construction  realizes  that  almost  his  entire  safety 
against  sweeping  fire  is  dependent  upon  his  window  protectoin. 
Wire  glass  windows  in  metal  frames  can  be  installed  at  very 
moderate  expense,  about  1.5  or  2.00  percent  extra.  They  will 
look  fairly  well,  and  will  keep  out  fire.  Shutters  are  almost  en¬ 
tirely  out  of  the  question  on  office  buildings,  and  usually  so  on 
the  street  sides  of  industrial  buildings.  They  are  frequently 
put  on  to  reduce  the  rate,  seldom  if  ever  closed,  but  are  allowed 
to  rust  and  decay,  and  when  the  crisis  comes  the  shutters  often 
fail  woefully.  There  was  a  large  fire  in  Cincinnati  about  two 
years  ago  in  which  seven  buildings  in  the  mercantile  district 
were  destroyed,  in  broad  daylight  with  favorable  weather  con¬ 
ditions.  Almost  every  building  had  shutters  on  the  sides  and 
back,  but  nobody  closed  the  shutters  because  they  were  for¬ 
gotten  until  the  temperature  was  too  high  to  operate  them.  So 
the  fire  spread  across  the  alleys  and  the  streets  and  two  or  three 
million  dollars  worth  of  property  was  destroyed.  If  the  win¬ 
dows  had  been  wireglassed  the  fire  department  could  undoubt¬ 
edly  have  confined  the  fire  to  one  structure. 
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You  have,  some  of  you,  heard  my  good  friend  Franklin  H. 
Wentworth  of  Boston,  talk  before  the  Hungry  Club  and  make 
the  statement  that  the  fire  insurance  companies  are  tax  gather¬ 
ers,  who  do  not  overlook  anyone.  Mr.  Wentworth  is  a  powerful 
advocate  of  wire  glass.  I  consider  wire  glass  a  most  valuable 
adjunct  for  a  fireproof  building  subject  to  any  exposure,  and  it 
is  worth  while  simply  to  keep  fire  from  traveling  upward  via 
the  outside  windows.  There  was  a  fire  recently  in  the  Emer- 
son-Brantingham  office  building  in  Rockford,  Ill.,  fireproof,  tile 
floors,  non-combustible  finish,  fireproof  stairs,  almost  no  parti¬ 
tions,  and  little  that  was  combustible  in  the  form  of  contents. 
It  looked  like  an  A -1  proposition.  It  was,  by  ordinary  stand¬ 
ards.  A  cigarette  deposited  in  a  wastebasket,  it  is  believed,  set 
fire  to  a  desk.  The  second  floor  was  burned  out  and  fire  went 
via  the  outside  windows  and  stairs  into  the  third  floor.  The 
Mutual  Insurance  Companies  paid  an  $80  000  loss,  and  then 
the  edict  went  forth  that  there  must  be  sprinklers  in  fireproof 
office  buildings.  Window  and  stair  protection  would  have  helped 
keep  down  the  loss. 

The  last  topic  is  the  character  of  fire  fighting  equipment 
that  is  warranted  in  different  forms  of  buildings.  In  hotels  and 
office  buildings,  which  are  our  principal  downtown  fireproof 
structures,  it  is  not  necessary  except  in  case  of  extreme  height 
to  require  complete  equipment  with  automatic  sprinklers.  All 
basements  and  sub-basements  should,  however,  be  protected  with 
automatic  sprinklers.  I  was  present  at  a  basement  fire  in  Se¬ 
attle,  and  went  away  with  renewed  enthusiams  for  basement 
sprinklers.  It  is  a  serious  proposition  to  ask  firemen  to  fight 
basement  fires,  for  there  is  plenty  of  combustible  material  in 
the  ordinary  fireproof  office  building  basement.  For  very  high 
buildings  sprinklers  should  be  absolutely  demanded.  St.  Louis 
has  the  correct  idea.  Any  building  over  a  moderate  number  of 
stories  has  to  be  sprinkled. 

The  fire  department  in  the  ordinary  American  city  working 
from  the  street,  is  helpless  above  six  stories.  Ex-Chief  Croker 
of  New  York,  at  the  Asche  building  disaster  investigation  testi¬ 
fied  that  his  department  was  helpless  over  85  ft.  above  the 
ground  except  when  it  could  reach  the  fire  by  means  of.  stair¬ 
ways  or  elevators  which  were  safely  protected  against  fire.  If 
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there  were  a  fire  raging  in  this  building,  say  above  the  10th 
floor,  what  chance  would  the  Pittsburgh  fire  department  have? 
It  would  probably  have  to  content  itself  by  keeping  the  fire 
from  getting  below  that  floor.  Outside  fire  escapes  are  no  pana¬ 
cea.  They  are  immediately  exposed  to  the  flame,  and  are  often 
difficult  and  frequently  dangerous  to  travel. 

Standpipes  we  all  believe  should  be  provided  in  big  build¬ 
ings.  If  any  of  you  have  any  influence  with  persons  putting  in 
standpipes,  look  with  disfavor  upon  anything  smaller  than  six 
inches.  At  the  Equitable  fire,  various  fireproof  and  modern 
buildings  nearby  had  standpipes  and  the  fire  department  utilized 
them.  It  was  found  that  one  or  two  good  streams  could  be 
taken  from  a  four  inch  standpipe,  but  when  more  were  taken 
off  the  pressure  dropped  very  decidedly.  Friction  losses  in  a 
four  inch  pipe  are  four  or  five  times  greater  than  in  a  six  inch 
pipe,  and  the  friction  losses  mount  up  rapidly.  Standpipes  of 
six  or  even  eight  inch  diameter  are  necessary.  The  best  thing 
of  which  I  know  is  a  combination  of  a  2.5  inch  connection  for 
the  fire  department  and  a  1.5  inch  connection,  with  fire  hose, 
for  the  use  of  the  watchman,  janitors,  or  others  who  are  not 
trained  to  handle  large  hose.  If  a  tank  is  on  the  28th  floor  it 
exerts  a  very  considerable  pressure  on  the  hose  which  may  be 
attached  to  the  standpipe  on  the  10th  floor,  and  it  would  take 
experienced  men  to  hold  it.  The  foot  hold  on  a  marble  floor  is 
not  good,  and  serious  accidents  may  be  occasioned  by  hose  lines 
getting  away  from  men. 

Outside  sprinklers  are  not  generally  advisable.  It  takes 
a  tremendous  amount  of  water  to  wet  down  a  large  number  of 
window  openings.  You  have  to  figure  about  ten  gallons  per 
minute  per  window.  I  do  not  know  how  many  windows  the 
Oliver  Building  has,  but  I  would  guess  about  100  to  the  floor, 
and,  for  25  floors,  this  would  be  2500.  At  ten  gallons  per  head 
you  have  25  000  gal.  per  min.  Probably  the  fire  engines  in  the 
downtown  district  of  Pittsburgh  do  not  have  a  capacity  in  ex¬ 
cess  of  that,  and  they  are  not  going  to  pump  water  into  a 
sprinkler  system  when  there  are  more  urgent  demands.  Chem¬ 
ical  extinguishers  are  needed  throughout  the  building.  The 
type  labeled,  “upset-to-operate”  is  best,  and  these  extinguish¬ 
ers  have  a  good  range,  do  the  minimum  amount  of  water  dam- 
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age,  are  filled  easily,  and  most  people  today  have  some  idea  of 
liow  they  operate. 

There  is  one  more  point  to  he  considered  in  connection  with 
the  fireproof  building  and  that  is  the  alarm  system.  Fire  alarm 
systems  are  usually  designed  to  call  together  the  fire  brigade  but 
not  to  get  out  the  people.  Frequently,  they  do  both  in  industrial 
plants,  but  not  often  in  office  buildings.  Objection  is  usually  made 
that  an  alarm  going  off  in  an  office  building  would  cause  a  panic. 
But  it  becomes  a  question  of  possible  panic,  or  of  possible  loss 
of  life.  In  the  case  of  an  office  building  it  is  a  very  difficult 
problem,  because  you  are  not  able  to  drill  the  occupants  as  in  a 
factory  where  you  have  them  under  authority.  I  do,  however, 
believe  a  fire  alarm  system  in  a  building  of  this  kind  is  neces¬ 
sary  to  warn  the  occupants  and  to  get  the  firefighting  forces 
promptly  to  the  point  of  trouble. 

In  conclusion :  Fireproof  all  steel  in  an  adequate  manner ; 
protect  all  vertical  openings ;  provide  wire  glass  for  all  exposed 
buildings;  install  fire  fighting  equipment  in  proportion  to  the 
hazard;  and  provide  means  for  notifying  occupants  of  a  build¬ 
ing  promptly  in  case  of  fire. 

DISCUSSION 

Mr.  W.  S.  McDowell:*  I  understood  the  author  to  state 
that  cement  would  be  calcined  to  a  depth  of  about  one  inch  in 
a  very  hot  fire.  What  would  be  the  effect  of  this  calcination, 
would  the  outer  material  wash  off?  Is  gypsum  an  approved 
covering  or  protection  for  columns? 

The  Author  :  Tests  indicate  that  cement  calcines  to  a 
depth  of  about  one  inch.  If  a  fire  stream  struck  the  cement  it 
would  wash  off  in  part  at  least.  Gypsum  is  not  generally  ap¬ 
proved  for  such  use.  At  one  time  it  was  approved  in  New  York 
City,  but  I  do  not  know  whether  this  holds  under  the  new 
code  or  not. 

Mr.  W.  S.  McDowell:  What  is  the  objection  to  gypsum, 
what  defect  does  it  have  compared  with  concrete  or  tile,  as  a 
fire  protection  for  columns? 

*  Attorney,  Commission  for  Revision  of  Building'  Laws  of  Pittsburgh, 
Berger  Building,  Pittsburgh. 
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The  Author:  1  think  gypsum  is  in  the  class  with  tile  for 
column  protection  and  especially  for  partition  work.  I  consider 
it  as  good  as  tile.  As  compared  with  concrete  it  has  the  distinct 
weakness  of  being  put  up  in  sections,  in  blocks  cemented  to¬ 
gether,  instead  of  being  a  homogenous  mass,  and  its  heat  pene¬ 
tration  records,  which  are  the  only  ones  I  know  of,  are  inferior 
to  those  of  concrete.  I  have  seen  some  Underwriters  Labora¬ 
tories  tests,  which  indicate  that  a  temperature  of  1800  to  1900 
deg.  maintained  for  a  period  of  two  or  three  hours  would  get 
into  gypsum  for  a  distance  of  three  to  four  inches.  I  am  speak¬ 
ing  from  memory  on  this  point. 

Mr.  Elmer  K.  Hiles:  Is  it  possible  under  existing  laws 
in  the  various  states  to  require  the  erection  of  fire  towers  in 
connection  with  buildings  so  that  it  would  not  be  necessary  to 
depend  on  city  ordinances?  Is  there  any  other  form  of  fire 
escape  which  can  have  the  same  approval  as  the  Philadelphia 
fire  tower?  What  would  be  the  additional  expense  to  incorpo¬ 
rate  a  fire  tower  in  a  twelve  story  building  of  the  factory  build¬ 
ing  type  where  a  large  number  of  operatives  are  employed? 

The  Author  :  Such  legislation  is  coming,  but  not  state 
wide  as  far  as  I  know.  In  Philadelphia  we  are  very  much  in¬ 
terested  in  the  new  state  building  code,  in  which  that  may  be 
incorporated.  New  York  is  requiring  the  fire  tower  for  certain 
structures,  and  so  is  Chicago;  practically  every  city  in  the 
country  has  some  fire  towers.  Philadelphia  used  the  fire  tower 
coercively  fifteen  years  ago.  1  live  in  a  three  story  apartment 
house  and  it  has  a  fire  tower  at  one  end. 

There  is  nothing  else  in  the  same  class.  The  disadvantages 
of  the  outside  fire  escape  are  that  it  is  easily  reached  by  flames 
and  smoke,  it  is  frequently  obstructed  by  snow  and  ice,  and. 
being  more  or  less  open,  people  are  afraid  to  travel  down  it. 
Tt  is  not  a  customary  avenue  of  travel  or  as  easy  as  the  Phila- 
delphia  fire  tower,  which  is  a  part  of  the  building  and  is  pro¬ 
tected  and  dry.  We  recently  had,  at  the  Architects  Institute 
in  Philadelphia,  an  interesting  evening  in  which  we  discussed 
the  inadequacy  of  the  various  types  of  fire  escape  apparatus. 
If  you  wish  to  ask  my  opinion  as  to  the  best  thing  to  do  in  a 
building  I  would  say  put  in  a  division  wall  with  just  as  few 
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openings  as  possible;  protect  these  openings  with  fire  doors, 
move  people  horizontally  through  the  wall,  and  close  the  fire 
doors.  The  Philadelphia  fire  tower,  or  enclosed  stairway,  would 
be  very  desirable  even  in  connection  with  such  building. 

The  additional  cost  of  constructing  a  fire  tower  is  not  very 
great,  because  the  fire  tower  can  be  used  as  one  of  the  stair 
ways  of  the  building.  In  Philadelphia  the  code  specifies  that 
there  must  be  at  least  one  fire  tower  for  any  building  and  the 
number  shall  be  increased,  in  accordance  with  the  floor  area 
and  height,  and  inside  stairs  may  not  count  as  fire  towers.  Fire 
towers  may  to  a  reasonable  extent  take  the  place  of  stairs,  but 
not  entirely,  as  they  are  out  in  the  cold.  The  chief  difficulty 
regarding  the  fire  tower  is  not  the  cost  of  installation,  but  the 
loss  of  revenue  from  the  floor  space  which  it  occupies.  A  fire 
tower  with  its  stairs  and  wall  thickness  will  require  a  space  of 
about  10  by  20  ft.,  say  200  square  feet  in  each  floor,  and 
with  ten  floors  and  a  basement,  2200  square  feet  of  floor  space. 
If  space  is  worth  $1.00  a  foot  per  year  the  owner  suffers  a  dis¬ 
tinct  loss.  But  we  build  towers  in  Philadelphia  and  we  are 
still  doing  business  at  the  old  stand.  In  other  words  it  is  prac¬ 
tical  and  very  desirable.  Every  kind  of  building  in  the  down¬ 
town  district  of  Philadelphia  including  buildings  which  are  three 
stories  and  higher,  used  for  manufacturing  and  for  the  congre¬ 
gation,  or  housing,  of  people  is  required  to  have  a  fire  tower. 

Mr.  AY.  S.  McDowell:  The  State  Building  Code  Com¬ 
mission  of  Pennsylvania  are  preparing  a  code  for  the  state  and 
they  have  as  their  expert  Mr.  Johnson  of  Illinois,  who  assisted 
Mr.  Pond  in  preparing  the  Illinois  code,  and  they  are  actively 
at  work.  But  they  will  not  get  their  report  in  time  for  this 
session  of  the  legislature. 

The  Author  :  One  of  my  friends  in  Philadelphia  spent 
a  good  deal  of  time  in  Harrisburg  on  that  problem.  I  thought 
the  code  was  actively  before  the  legislature  at  this  time.  Phila¬ 
delphia  has  a  very  good  building  code.  It  covers  practically  all 
the  essentials  that  can  be  covered  without  making  it  burden¬ 
some.  Atlanta,  Ga.,  has  a  model  code.  They  prevent  the  erec¬ 
tion  of  buildings  three  stories  in  height  or  over  within  30  ft,  of 
any  other  structure,  unless  it  is  protected  with  wire  glass  or 
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shutters,  and  they  specify  that  all  this  equipment  shall  bear 
the  label  of  the  approval  of  the  Underwriters  Laboratories. 

Mr.  W.  S.  McDowell:  Referring  to  cinder  or  stone  for 
fireproofing  concrete,  what  is  the  value  of  cinders  as  a  material, 
or  aggregate,  for  fireproofing? 

The  Author  :  I  think  I  can  safely  say  from  a  limited 
knowledge  of  the  records  which  have  been  made  that  hard 
burned,  clean  cinder  either  from  anthracite  or  bituminous  coal, 
free  from  coal  or  other  combustible  matter,  and  properly  mixed 
with  sand  and  cement,  makes  excellent  fireproofing  material. 

Mr.  Samuel  E.  Duff:*  It  struck  me  that  there  are  a  good 
many  things  here  that  have  not  been  brought  out  by  the  ques¬ 
tions  so  far  asked  as  to  details  of  construction,  etc.  We  ought 
to  be  congratulated  tonight  particularly  on  the  fact  that  we  are 
hearing  this  question  discussed  from  the  right  standpoint.  We 
have  had  here,  several  times,  descriptions  of  fireproofing  and 
fireproofing  construction  from  manufacturers  of  fireproofing 
material,  and  designers  of  fireproof  buildings,  each  of  whom 
took  their  own  view.  We  are  hearing  tonight  from  men  who 
are  interested  in  preventing  fires  because  it  directly  pays  them 
to  do  so.  They  have  collected  a  tax,  as  Mr.  Forster  has  said, 
for  the  purpose  of  paying  some  of  it  back  in  fire  losses,  and  it 
is  their  part  to  so  conduct  their  business  and  to  so  educate  the 
people  as  to  prevent  fire  losses.  This  is  the  proper  standpoint 
to  hear  from  to  get  at  the  meat  of  the  question  and  I  think  Mr. 
Forster  has  presented  it  in  a  wonderful  way.  The  details  of  the 
construction  are  of  course  so  varied  that  it  is  almost  impossible 
to  go  into  that.  But  I  think  this  discussion  particularly  applies 
to  Pittsburgh  right  now,  because  from  my  observation,  without 
any  prejudice  one  way  or  the  other,  I  think  we  are  about  as 
far  behind  here  as  we  can  get.  I  think  if  Mr.  Forster’s  remarks 
could  be  spread  broadcast  where  the  people  Who  have  to  pay 
for  these  things  could  study  them,  we  might  get  something  done 
in  Pittsburgh  on  this  question  of  fire  protection. 

I  do  not  know  just  what  the  ordinances  are  in  the  City  of 
Pittsburgh  in  regard  to  the  reconstruction  of  buildings,  repairs, 
etc.,  within  fire  limits,  but  anybody  can  see  that  the  builders 

•Consulting  Engineer,  Empire  Building,  Pittsburgh. 
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do  practically  as  they  please.  As  long  as  they  do  that  the 
menace  from  conflagration  that  Mr.  Forster  predicts  will  occur 
some  day  threatens  our  city.  Therefore  the  point  he  makes 
that  a  fireproof  building  must  be  arranged  to  protect  itself  from 
fire  from  the  outside  is  a  very  strong  point  in  connection  with 
Pittsburgh  construction,  because  the  lower  part  of  town  is  so 
honeycombed  with  cheap,  flimsy  construction  that  some  day  we 
will  have  this  big  Are,  and  it  will  be  a  big  fire  because  there 
is  so  much  material  to  feed  on.  If  we  are  to  have  fireproof 
buildings  here  they  must  be  protected  absolutely  from  fire  from 
the  outside.  I  cannot  recall  any  building  just  now  th&t  is. 

It  seems  to  me  this  view  of  the  situation  ought  to  be 
brought  before  the  people  who  pay  for  things  in  the  city  of 
Pittsburgh  because  the  insurance  companies  are  tax  gatherers, 
as  has  been  said,  and  they  gather  enough  tax  to  protect  them¬ 
selves  and  we  all  pay  it.  And  in  that  way  we  should  use  our 
efforts  and  influence  to  see  that  anybody  who  spends  money 
for  construction  follows  proper  laws  for  fire  protection  as  far 
as  possible. 

Another  important  point  is  that  the  only  material  which 
withstands  fire  and  thus  provides  an  adequate  screen  for  metal 
is  brick  or  clay.  Fireproofing  of  the  clay  type,  as  Mr.  Forster 
says,  is  not  always  entirely  adequate  because  it  is  put  together 
in  small  pieces  and  it  is  not  always  properly  put  together. 
Concrete  seems  on  the  whole  to  give  the  best  results,  though 
he  shows  that  the  heat  of  conflagration  will  affect  it  consider¬ 
ably,  to  a  depth  of  0.75  inch,  or  more.  Isn’t  it  possible  that 
somebody  will  design  some  clay  fireproofing  which  will  not  have 
to  be  put  together  in  such  small  pieces  as  it  is  today,  and  which, 
by  some  method  of  joining  or  construction,  will  approximate  the 
continuity  of  concrete  protection.  Possibly  we  will  then  have 
something  as  good  or  better  than  concrete.  It  seems  to  me  that 
the  use  of  unprotected  reinforced  concrete  is  a  menace  to  the 
fire  resisting  reputation  of  concrete  on  account  of  the  inade¬ 
quate  protection  of  the  steel.  This  is  shown  in  the  photographs 
shown  on  the  screen  to  be  absolutely  true  where  floor  slabs  and 
girders  are  exposed  to  a  temperature  anything  like  1700  or 
1800  degrees.  I  mention  this  point  to  make  clear  to  some,  who 
possibly  did  not  notice  it,  that  a  building  of  structural  concrete 
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is  not  entirely  fireproof  for  the  reason  that  it  will  not  resist 
high  heat.  Therefore  it  is  necessary  to  protect  it  in  some  other 
way,  or  by  the  use  of  sprinklers  keep  the  fire  from  getting  to 
that  high  temperature. 


Mr.  Paul  B.  Findley  :*  I  would  like  to  call  your  attention 
to  two  examples  of  good  construction  in  this  city.  One  is  the 
dormitory  of  the  Western  Theological  Seminary,  which  in  ad¬ 
dition  to  being  built  of  concrete  and  steel  is  provided  with  an 
outside  fire-escape  tower  of  the  Philadelphia  type.  The  other  is 
the  newer  part  of  the  “Grant”  exchange  building  of  the  Tele¬ 
phone  Company,  which  is  provided  with  wire-glass  windows 
throughout.  The  windows  of  the  operating  and  terminal  rooms 
are  kept  closed,  all  the  ventilation  being  supplied  artificially, 
and  these  windows  are  provided  with  automatic  rolling  metal 
curtains  on  the  outside.  The  present  practice  is  to  erjuip  all 
the  company’s  buildings  with  steel  doors  throughout,  and  to 
provide  sand-pails,  gas  and  chemical  extinguishers,  asbestos 
blankets  and  heavy  gloves  in  adequate  amounts.  Most  rigid 
rules  are  enforced  against  bringing  any  combustibles  such  as 
benzine  and  gasoline  into  operating  and  terminal  rooms. 

I  would  like  to  ask  a  question  as  to  the  use  of  tin-clad 
doors.  If  well  made  according  to  engineering  standards,  would 
they  not  be  a  fair  substitute  for  wire  glass? 

Do  you  not  think  that  all  elevator  enclosures  should  be 
tightly  constructed  of  metal  or  wire-glass?  In  other  words, 
would  you  not  consider  an  elevator  enclosure  of  metal  lattice 
or  grille  work  a  bad  type  of  construction  ? 


The  Author:  Tin-clad  doors,  properly  made  would  be 
superior  to  wire  glass.  All  elevator  enclosures  should  be  en¬ 
cased  in  tin  covered  wood  or  wire  glass  and  metal.  Open  lattice 
or  grille  work  is  a  bad  type  of  construction. 

Mr.  W.  S.  McDowell:  How  much  heat  will  a  tin  shutter 
stand  for  a  period  of  forty  or  sixty  minutes,  and  how  long  will 
ordinary  wire  glass  stand? 

The  Author:  We  have,  in  the  Underwriters’  Labora¬ 
tories  in  Chicago,  a  testing  furnace  with  openings  in  the  brick 

♦Electrical  Engineer,  Central  District  and  Printing  Telegraph  Company, 
Fulton  Building,  Pittsburgh. 
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v/all  five  feet  wide  by  seventeen  feet  high.  Into  that  furnace 
we  build  up  blocks  of  clay  and  cement,  install  wire  glass  win¬ 
dows,  and  hang  tin  clad  doors,  shutters,  etc.,  and  then  we  turn 
on  the  gas  and  create  a  temperature  up  to  2000  deg.  or  over. 
The  ordinary  test  is  of  one  hour’s  duration,  the  temperature 
running  up  to  1600  or  1700  deg.  fairly  rapidly,  and  then  more 
slowly  to  perhaps  1800  or  1900  deg.  A  tin  clad  shutter  or  door, 
if  the  tin  is  laid  with  locked  joints,  is  just  about  as  strong  in 
the  joint  as  in  the  sheet,  and  the  wooden  core  under  the  action 
of  the  heat  gives  off  gases  which  issue  and  are  burned,  and  the 
core  is  gradually  reduced  to  charcoal.  Properly  designed  and 
constructed  a  tin  clad  shutter  is  superior  to  wire  glass.  But 
wre  have  almost  no  first  class  shutters  as  regards  original  design, 
they  are  not  well  maintained  and  frequently  are  not  shut.  That 
is  the  reason  I  so  strongly  advocate  the  use  of  wire  glass.  It  is 
less  effective  but  always  on  the  job. 

Glass  melts  at  a  temperature  of  about  1600  to  1700  deg. 
However,  if  an  exposing  building  is  burning,  an  adjoining  build¬ 
ing  protected  with  wire  glass  it  not  steadily  subjected  to  billows 
of  flames,  and  the  glass  is  not  kept  at  a  temperature  of  1600  to 
1700  deg.  except  momentarily.  The  glass  is  shattered,  but  if  it 
is  well  put  into  the  grooves  it  stays  there.  At  the  Laboratories 
a  window,  after  being  heated  for  an  hour,  is  run  out  of  the 
furnace,  and  a  stream  of  water  at  60  lb.  pressure  is  thrown  into 
the  center  of  each  pane  of  glass.  Under  this  severe  test  it  must 
not  fail,  the  reason  being  that  if  the  wire  glass  gets  hot  and  the 
fire  department  strikes  it  with  a  stream  it  will  blow  out  unless 
properly  held. 

Mr,  W.  S.  McDowell:  I  observed  a  test  in  the  Under¬ 
writers’  Laboratory  in  Chicago  where  wire  glass  was  under  test 
for  sixty  minutes  and  it  stood  up.  There  was  nothing  but 
smoke  coming  through. 

The  Author  :  What  was  the  temperature  ? 

Mr.  W.  S.  McDowell:  The  pyrometer  was  out  of  order 
and  temperatures  were  not  taken.  None  of  the  holes  in  the  glass 
were  larger  than  two  inches  at  a  maximum. 

Mr.  W.  M.  Kinney:  I  noticed  in  the  department  store 
of  McCreery  &  Company,  that  the  fire  doors  at  the  elevators 


DISCUSSION — THE  FIREPROOF  BUILDING  151 

are  equipped  with  fuses.  The  question  arises  in  my  mind  as 
to  whether  these  fuses  will  melt  and  prevent  the  use  of  the 
elevator  even  though  it  still  be  in  service.  Should  not  such 
doors  be  inspected  frequently?  As  they  slide  into  the  partition 
they  might  become  rusty  and  fail  to  act  when  required. 

The  Author:  Your  point  is  a  natural  one  and  reasonably 
well  taken.  The  only  fallacy  in  the  argument  is  that  if  it  is 
hot  enough  in  the  neighborhood  to  melt  the  link  it  is  too  warm 
for  people  to  be  escaping  that  way.  There  must  be  an  air  tem¬ 
perature  of  around  2500  deg.  to  melt  the  ordinary  sprinkler 
head  or  fire  door  link.  Sliding  doors  are  acceptable,  or  the 
doors  must  swing  with  the  travel.  The  sliding  door  has  the  ad¬ 
vantage  over  the  swinging  door  of  being  readily  made  auto¬ 
matic.  Such  doors  must  be  frequently  inspected  and  the  chances 
are,  in  a  department  store,  that  the  fire  doors  are  closed  every 
night.  Even  in  such  a  case  it  might  be  possible  to  pull  the 
doors  shut  and  yet  they  would  not  be  sensitive  enough  to  close 
automatically.  Every  well  regulated  business  today  has  a  fire 
inspection  staff  to  look  after  just  such  maintenance  problems. 

Mr.  W.  M.  Kinney  :  Our  building  code  now  in  process 
of  formation  calls  for  0.5  inch  protection  of  reinforcing  metal 
on  the  bottom  of  floor  slabs.  What  would  you  think  of  such  a 
provision  ? 

The  Author:  On  the  evidence  that  I  have  set  forth  to¬ 
night,  that  seems  to  me  as  though  it  were  flying  in  the  face  of 
Providence,  to  put  it  mildly.  The  Joint  Committee  recommend¬ 
ed  0.75  to  one  inch,  one  inch  in  the  latest  report.  One  picture 
I  showed  tonight  of  the  Johnson  Building  in  San  Francisco  is 
a  case  of  one  inch  protection,  and  you  saw  the  result.  I  think 
anything  less  than  1.5  inches  anywhere  in  a  reinforced  or  con¬ 
crete  steel  building  is  not  practical. 

Mr.  F.  C.  Schatz  :*  After  listening  to  the  previous  re¬ 
marks,  there  are  a  few  points  I  would  like  to  refer  to. 

First,  the  question  of  using  concrete  or  cinder  fill  under 
floors.  One  serious  objection  to  cinder  fill,  is  that  if  a  consider¬ 
able  amount  of  water  is  allowed  to  leak  on  the  floors,  as  a  result 
of  fire  or  otherwise,  and  the  water  finds  its  way  through  the 

♦Superintendent  of  Buildings,  Joseph  Horne  Co.,-  Pittsburgh. 
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cinder  fill  and  floor  arches,  it  invariably  ruins  the  plaster  on 
the  ceiling  below  the  cinders,  causing  discoloration  of  the  water, 
and  in  turn  of  the  plaster.  It  has  been  found  impossible  to 
remove  this  discoloration  by  painting  or  treatment  of  any  kind, 
and  the  only  way  to  have  a  satisfactory  paint  job  or  decoration 
on  plaster  where  discoloration  has  occurred,  is  to  re-plaster. 
Another  objection  to  cinder  fill,  is  that  in  a  very  hot  fire  cinders 
store  up  heat  and  create  a  furnace  effect.  Our  Company  has 
adopted  sand  and  gravel  concrete  for  fill  under  floors,  of  a 
mixture  of  one  part  cement,  three  parts  sand  and  seven  parts 
gravel. 

Referring  to  stand  pipes  for  fire  purposes,  we  realized  some 
years  ago  that  a  four  inch  pipe  was  very  inefficient,  and  had 
installed  a  five  inch  one.  Our  experience  has  been  such  that  if 
we  were  installing  another  one,  it  would  be  six  inch.  We  have 
provided  on  each  floor  connected  to  the  five  inch  stand  pipe, 
two  2.5  inch  standard  lire  department  hose  connections,  using 
a  reducing  coupling  on  one  outlet  for  a  two  inch  fire  hose  inside. 
We  have  provided  a  hose  rack  containing  100  feet  of  linen  hose 
on  each  floor,  excepting  the  basement,  where  we  have  double 
the  amount  provided.  This  stand  pipe  is  connected  to  a  house 
pump  (which  also  serves  as  an  emergency  fire  pump),  causing 
pressure  to  be  on  the  stand  pipe  at  all  times  the  steam  boiler 
plant  is  in  operation.  The  stand  pipe  is  also  connected  to  a 
steamer  Siamese,  and  in  addition  is  coupled  up  with  the  city 
water  service  by  means  of  two  four  inch  metered  lines.  This 
latter  service  is  connected  to  two  different  12  inch  street  mains, 
the  different  supplies  being  “  checked"  one  against  the  other. 
The  only  source  of  water  supply  not  automatic,  is  the  city  water 
service,  which  is  hand  operated  and  must  be  opened  on  Sundays 
and  holidays,  or  at  such  times  as  the  steam  plant  is  shut  down. 
We  have  the  stand  pipe  located  inside  the  building  at  a  fairly 
central  location,  and  also  convenient  to  an  inside  fire  escape, 
making  it  very  accessible  for  the  fire  department  in  case  of  fire. 

Reference  has  been  made  to  outside  sprinklers.  About 
eight  years  ago  our  company  had  installed  300  outside  sprinklers 
on  the  four  upper  stories  of  our  buildings,  on  the  four  sides. 
The  water  is  controlled  by  valves  located  in  the  basement,  and 
are  hand  operated.  The  water  supplying  the  outside  sprinkler 
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system  is  furnished  through  four  six  inch  supplies,  connected 
to  12  inch  mains  located  on  three  different  streets.  These  several 
connections  are  coupled  under  the  sidewalk  to  what  we  call  a 
six  inch  belt  line,  which  serves  to  connect  the  sprinkler  risers 
with  the  city  mains.  A  number  of  tests  which  have  been  made 
on  the  system  referred  to,  have  shown  the  good  effect  they  have 
on  the  outside  of  the  buildings,  and  with  a  water  pressure  of 
100  lb.  at  the  street,  there  was  a  drop  of  only  seven  pounds 
pressure  in  the  belt  line  which  supplied  the  different  risers. 
The  height  of  the  buildings  referred  to,  is  about  120  ft.  from  the 
sidewalk  to  parapet.  On  a  building  in  Pittsburgh,  situated  in 
the  downtown  section,  and  not  exceeding  140  ft.  in  height,  out¬ 
side  sprinklers  should  prove  of  great  value.  I  might  add  that 
a  building  properly  equipped  with  both  inside  and  outside 
sprinklers,  gives  the  insured  a  feeling  of  security  which  could 
not  possibly  exist  if  both  systems  were  not  installed. 

The  Author  :  Have  you  ever  had  occasion  to  use  your 
outside  sprinklers? 

Mr.  F.  C.  Schatz:  Not  for  fire  purposes.  In  regard  to 
fire  shutters,  we  had  a  fire  in  the  building  back  of  us,  a  distance 
of  about  18  ft.  away.  The  objection  we  find  to  fire  shutters  is 
that  they  rust  very  quickly,  especially  at  the  bottoms.  Where 
wood  tinned  construction  is  used  on  inside  doors  for  fire,  we 
find  they  dry  rot.  We  are  familiar  with  the  method  suggested 
for  avoiding  dry  rot,  but  have  not  seen  it  tried  out  long  enough 
to  fully  understand  its  advantages. 

The  Author:  You  have  touched  upon  some  very  interest¬ 
ing  points,  but  I  have  a  limited  period  of  time,  .which  has 
already  been  overrun  some  fifteen  minutes. 

It  is  difficult  to  rebuild  our  cities,  but  it  is  entirely  feasible 
to  cut  out  three-fourths  of  the  fire  possibilities  by  proper  care 
of  existing  buildings,  and  great  advance  will  be  made  in  this 
country  through  our  Fire  Departments.  New  York  in  the  old 
days  spent  $12  000  a  year  for  fire  prevention  and  $8  000  000 
for  fire  fighting,  a  ratio  of  666  : 1,  a  very  small  ratio  in  view 
of  the  fact  that  prevention  is  at  least  as  important  as  protection. 
New  York  today  has  a  large  fire  prevention  bureau,  and  Chicago 
also.  Philadelphia  is  well  under  way,  using  its  firemen  for  in 
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spection  work ;  and  while  arranging  for  fire  prevention  they  are 
also  learning  the  buildings  in  which  they  may  have  to  fight 
fires  later  on.  We  are  proud  of  our  firemen  inspection  de¬ 
partments. 

Mr.  L.  H.  Keim  :*  Am  I  correct  in  understanding  that  the 
outside  sprinkler  system  should  be  entirley  separate  from  the 
inside  system? 

The  Author  :  The  outside  sprinkler  system  should  be  a 
dry  pipe  system  with  open  heads.  The  open  sprinkler  system  is 
a  wonderfully  good  thing  if  there  is  enough  water.  But  speak¬ 
ing  generally  the  open  sprinkler  is  not  the  way  to  protect  a 
large  building  from  conflagration,  because  in  case  of  a  confla¬ 
gration  in  Pittsburgh,  even  with  your  high  pressure,  where  are 
you  going  to  obtain  the  water  supply?  What  happened  in  Bal¬ 
timore  ?  In  San  Francisco  the  earthquake  broke  the  pipes. 
That  is  the  reason  for  window  protection  which  does  not  take 
water  to  defend  the  building,  and  for  having  in  the  basements 
and  under  the  floors  of  the  basements  of  our  large  exposed  city 
buildings  large  reservoirs  and  steam  pumps.  The  electric  pump 
with  a  reliable  current  supply,  is  a  fine  thing.  The  California 
Electric  Company’s  building,  which  was  shown  on  a  slide,  had 
an  electric  fire  pump  installed,  but  what  saved  them  was  the  fact 
that  they  had  gravity  water.  We  cannot  beat  gravity  for  re¬ 
liability. 

Mr.  L.  H.  Keim  :  Are  there  any  approved  renewable  fuses 
on  the  market?  If  so,  what  are  they? 

The  Author:  Not  yet.  It  is  a  very  active  question  from 
the  underwriters  fire  prevention  point  of  view.  We  are  afraid 
of  it  because  it  can  be  refilled  with  common  wire,  small  gas 
pipe,  or  some  other  material  with  high  current  carrying  ca¬ 
pacity.  That  is  the  difficulty  with  the  renewable  fuse.  So  far 
we  have  refused  to  approve  it.  But  I  feel  that  the  pressure  of 
public  demand  is  so  great  that  we  will  be  obliged  to  recognize 
it.  In  the  hands  of  the  right  people  the  renewable  fuse  is  all 
right;  but  in  the  careless  hands  it  opens  the  way  to  disaster. 

♦Mechanical  Engineer,  R.  D.  Nuttall  Company,  Pittsburgh. 
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By  William  Glyde  Wilkins* 


The  writer  desires  it  to  be  understood  in  his  consideration 
of  the  subject  that  he  wishes  to  present  it  from  the  engineering 
and  economic  standpoints  only,  without  reference  to  any  po¬ 
litical  features  that  might  incidently  have  become  associated 
with  it,  while  it  has  been  before  the  Pittsburgh  City  Councils 
ever  since  1906. 

As  to  the  engineering  features,  it  is  not  the  intention  to  go 
into  the  design  of  the  structural  details,  but  only  into  such  ques¬ 
tions  as  relate  to  location  or  route.  While  these  questions  are  of 
a  purely  engineering  character,  the  writer  believes  that  in  a 
project  of  the  magnitude  and  importance  to  the  citizens  as  the 
one  under  discussion,  the  Engineer  should  also  consider  the 
financial  and  economic  features,  such  as  municipal  versus  pri¬ 
vate  ownership,  and  if  the  latter,  the  terms  of  franchise,  etc., 
and  it  is  to  'the  discussion  of  these  phases  of  the  subject  that 
this  paper  is  largely  devoted. 

While  any  underground  structure  for  the  transportation  of 
cars  or  vehicles  of  any  character,  may,  broadly  speaking,  be 
termed  a  subway,  the  use  of  that  term  has  come  to  be  commonly 
understood  to  refer  to  those  sub-surface  structures  built  for  the 
purpose  of  urban  transportation  of  passengers  in  either  single 
cars,  or  trains  of  cars,  and  in  view  of  the  very  general  objection 
of  abutting  property  owners  to  elevated  railway  structure,  it 
has  become  the  opinion  of  the  general  public  that  the  ‘  ‘  Subway  ’  ’ 
is  the  only  solution  of  the  problem  of  rapid  transportation  when 
the  traffic  on  the  surface  lines  has  become  so  large  and  congested 
that  it  permits  of  no  further  expansion  or  improvement.  This 
seemed  to  have  become  the  opinion  of  the  citizens  of  Pittsburgh, 
especially  of  those  living  in  the  East  End  and  Liberty  Valley 

Presented  at  the  regular  monthly  meeting  of  the  Society,  April  15, 
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districts  as  long  ago  as  1906,  and  it  was  in  response  to  the 
demand  of  the  citizens  of  that  portion  of  the  city,  that  about 
that  date  the  question  was  taken  up  by  the  City  authorities, 
and  it  has  been  before  them  ever  since ;  no  less  than  eleven  ordi¬ 
nances  having  been  presented  to  and  considered  by  the  City 
Councils  since  that  year. 

Only  one  of  these  ordinances  was  passed,  that  granting  a 
franchise  to  the  Pittsburgh  Subway  Company,  presented  to  the 
City  Council  and  passed  February  7,  1913.  It  was  vetoed  by 
the  Mayor  and  failed  to  become  a  law  by  reason  of  receiving 
less  than  a  two-thirds  vote,  required  by  the  statute  to  make  it 
a  law,  notwithstanding  the  veto  of  the  Mayor.  A  synopsis  of 
this  ordinance  giving  the  principal  conditions  will  be  given 
later  on. 

The  principal  questions  connected  with  the  subject  in  this 
city,  are:  First,  if  a  subway  is  to  be  built,  where  should  it  be 
constructed;  second,  should  it  be  built  by  the  municipality  or 
by  private  capital,  and  if  by  private  capital,  on  what  terms 
should  the  franchise  be  granted  by  the  City  to  the  company 
building  and  operating  it? 

Before  trying  to  answer  any  of  these  questions,  it  may  be 
enlightening  to  consider  when  and  by  whom  the  subways  now 
in  operation  in  Boston,  New  York  and  Philadelphia  were  built, 
and  the  terms  of  the  franchises  under  which  they  were  built, 
and  also  give  some  consideration  to  the  problems  connected  with 
the  proposed  subways  in  Chicago,  Detroit  and  Cleveland,  and 
the  proposed  system  in  Philadelphia. 

BOSTON  SUBWAY  SYSTEM 

In  1891  a  Rapid  Transit  Commission  after  an  extended 
investigation  recommended  changes  in  the  railroad  terminals, 
the  construction  of  an  elevated  railroad  in  Washington  Street 
and  a  tunnel  under  Tremont  Street.  In  1893  the  State  Legis¬ 
lature,  authorized  the  City  to  construct  what  was  known  as  the 
“Alley  Route”  but  this  was  rejected  by  the  citizens  of  Boston. 
Another  act  was  passed  by  the  Legislature  the  same  year  cre¬ 
ating  a  new  Rapid  Transit  Commission,  which  adopted  a  scheme, 
partly  two  track  and  partly  four  track  extending  from  the 
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Union  Station  to  Causway  Street  along  under  Haverhill  Street, 
Cornhill  and  Tremont  Streets  to  Boylston  Street;  from  Boyls- 
ton  Street  one  line  continued  to  the  junction  of  Tremont  Street 
and  Shawmut  Ave.,  and  another  turning  off  along  Boylston 
Street  to  a  point  near  the  Park  Square  Terminal  Station  of  the 
New  York,  New  Haven  &  Hartford  R.  R.  At  each  of  the  three 
terminals,  the  surface  tracks  were  to  be  connected  with  the 
tunnel  tracks  by  an  incline.  The  work  was  begun  in  1894  and 
completed  in  December,  1898.  In  December,  1896, 
the  Commissioners  with  the  approval  of  the  State  Railway 
Commissioners,  as  required  by  law,  leased  the  subway  to  the 
West  End  Railway  Company,  for  a  term  of  twenty  years.  Under 
the  terms  of  the  lease  the  Street  Railway  Company  were  to  pay 
the  City  4  %  percent  per  annum  upon  the  cost  of  the  subway, 
if  the  net  cost  was  less  than  $7  000  000.  A  further  compensa¬ 
tion  to  be  paid  when  a  toll  of  5c  per  trip  of  a  25  ft.  car  exceeds 
the  sum  based  on  the  4  %  percent  of  the  net  cost,  the  compensa¬ 
tion  then  being  5c  per  trip  for  a  25  ft.  car  and  proportionately 
more  for  longer  cars,  mail  and  repair  cars  not  being  included. 
The  Railway  Company  to  furnish  and  install  all  equipment  in¬ 
cluding  tracks,  lighting,  ventilating  apparatus,  and  furniture 
used  for  equipping  the  stations.  At  the  termination  of  the 
lease,  the  City  to  buy  equipment  at  price  fixed  by  the  Railroad 
Commissioners. 

When  this  subway  was  first  built,  it  was  used  jointly  for 
surface  cars  and  trains  from  the  elevated,  but  the  grades  from 
five  to  eight  percent,  and  curves  of  less  than  100  foot  radius 
did  not  permit  of  fast  speed  of  the  multiple  unit  trains.  Later 
the  Washington  Street  Subway,  with  better  grades  and  align¬ 
ments,  was  built  to  connect  the  parts  of  the  Elevated  each  side 
of  the  business  district.  On  the  completion  of  this  line  on 
November  30th,  1908,  the  elevated  car  trains  were  taken  from 
the  Tremont  Street  Subway  and  it  is  now  used  for  surface 
cars  only. 

On  March  23rd,  1912,  another  subway  was  opened  to  con¬ 
nect  Boston  with  Cambridge,  the  part  in  Boston  being  built 
by  the  City  and  the  balance  by  the  Boston  Elevated  Railway 
Company.  The  City  now  has  two  underground  systems  for 
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multiple  car  trains;  the  Washington  Street  and  the  East  Cam¬ 
bridge,  and  two  for  surface  cars,  the  Tremont  Street  and  East 
Boston. 


THE  NEW  YORK  SUBWAY  AND  PROPOSED  EXTENSION 

In  1890  a  rapid  transit  commission  was  appointed  by  Hon. 
Hugh  J.  Grant,  then  Mayor  of  the  City,  to  lay  out  routes  for  a 
subway  system,  and  on  May  27th,  1891,  the  commission  approved 
a  plan  for  an  underground  four-track  railway  on  the  following 
route:  “Under  Broadway  from  a  point  at  or  near  South  Ferry 
to  59th  Street,  then  under  the  Boulevard  (now  Broadway)  to 
a  point  at  or  near  169th  Street,  with  such  length  of  viaduct  as 
may  be  necessary;  thence  along  under  Eleventh  Ave.,  or  under 
private  property  immediately  to  the  west  thereof,  as  may  be 
found  most  convenient,  thence  by  a  viaduct  across  Spuyten 
Duyvil  Creek,  and  by  tunnel  or  viaduct  to  the  City  limits.” 

On  July  22nd,  1891,  the  Commission  approved  a  second  line 
as  follows:  “For  a  four-track  underground  railway  diverging 
from  the  proposed  Broadway  line  at  or  near  14th  Street,  thence 
under  Union  Square  to  Fourth  Ave.,  and  under  Fourth  and 
Park  Avenues,  to  near  south  of  42nd  Street;  thence  to  Madi¬ 
son  Ave.,  at  or  near  44th  Street;  thence  under  Madison  Ave., 
to  96th  Street ;  thence  by  a  line  not  less  than  100  feet  east  of 
Madison  Avenue,  thence  by  a  viaduct  over  private  property 
to  a  point  near  and  south  of  134th  Street;  thence  by  a  curve 
eastward  and  by  a  bridge  across  Harlem  River.” 

On  October  28th,  1891,  these  plans  were  approved  by  the 
Board  of  Aldermen.  Nothing,  however,  resulted  from  the  re¬ 
port  owing  to  opposition  from  property  owners  and  dissentions 
on  the  Engineering  staff  of  the  Commission,  and  in  1894  through 
the  efforts  of  the  New  York  Chamber  of  Commerce,  a  new 
Rapid  Transit  Act  was  passed  by  the  Legislature  and  approved 
by  the  Governor  in  May,  1894,  and  a  new  Board  of  Commis¬ 
sioners  was  appointed.  This  Board  on  June  18th,  1894,  ap¬ 
pointed  Mr.  William  Barclay  Parsons,  Chief  Engineer.  On 
November  5th,  1896,  the  Chief  Engineer  made  a  report  laying 
out  a  new  route  which  was  finally  approved  January  14th,  1897, 
and  on  December  17th  of  that  year  the  Supreme  Court  approved 
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the  report  of  the  Commissioners.  Various  causes  served  to 
delay  the  letting  of  contracts,  amongst  which  was  the  outcry  of 
the  City  Controller  that  the  City  had  already  reached  its  debt 
limit.  This  objection  was  met  by  increasing  the  tax  assessments 
of  the  City,  and  finally  in  November,  1899,  the  Commission  ad¬ 
vertised  for  proposals  for  building  the  road.  On  January  15th, 
two  bids  were  received,  and  on  January  16th,  the  proposal  of 
John  B.  McDonald  was  accepted  and  at  his  bid  of  $35  000  000. 
In ’the  meantime  an  act  had  been  passed  by  the  Legislature 
authorizing  the  City  Controller  to  issue  bonds  for  the  con¬ 
struction  and  on  March  2nd,  1900,  the  Board  of  Estimate  and 
Control,  authorized  a  bond  issue  of  $36  500  000.  On  the  com¬ 
pletion  of  the  road  it  was  leased  to  the  Rapid  Transit  Railway 
Company  of  which  Mr.  August  Belmont  was  President. 

The  portion  of  the  line  first  built  extended  from  the  Brook¬ 
lyn  Bridge  Terminal  north  under  Fourth  Avenue  to  42nd  Street, 
thence  west  to  Broadway  and  under  Broadway  to  145th  Street. 
It  was  completed  and  put  in  operation  October  27th,  1904.  The 
extensions  to  Bronx  Park  on  the  Bronx  branch,  the  extension 
under  the  East  River  to  Brooklyn,  and  the  extension  to  Van 
Cortlandt  Park  on  the  Broadway  Branch  were  completed  later, 
the  last  portion  being  put  in  operation  August  1st,  1908. 

The  lease  was  for  a  period  of  50  years  and  at  the  expira¬ 
tion  of  that  time  to  be  surrendered  to  the  City  of  New  York. 
During  this  period  the  company  is  to  pay  to  the  City  a  rental 
as  follows:  (1)  A  sum  equal  to  the  interest  on  the  bonds  issued 
by  the  City  for  its  construction.  (2)  A  further  annual  sum 
equal  to  one  percent  upon  the  bonds,  except  that  the  annual 
payment  in  excess  of  such  interest  shall,  for  each  year  during 
the  period  of  five  from  the  date  at  which  payment  of  rental 
shall  begin,  be  such  sum  not  exceeding  one  percent  as  shall 
be  equal  to  the  excess  of  the  profits  of  the  contractor  for  such 
year  in  the  operation  of  the  road  over  five  percent  upon  the 
capital  of  the  contractor  invested  in  the  enterprise,  and  except 
further  that  for  each  year  during  the  second  and  immediately 
succeeding  five  years  period,  there  shall,  in  lieu  of  such  one 
percent  be  paid  one-half  of  such  one  percent,  and  in  addition 
an  amount  not  exceeding  one-half  of  such  one  percent,  which 
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shall  be  equal  to  the  excess  of  the  profits  of  the  contract,  for 
such  year  as  the  operation  of  the  lease  of  the  City  is  to  have 
the  right  to  purchase  at  a  reasonable  price  the  whole  property 
of  the  contractor  employed  in  the  operation  of  the  road.  It 
also  provides  for  a  renewal  of  the  lease  for  a  period  of  25  years, 
at  an  annual  rental  of  not  less  than  the  annual  rental  for  the 
last  ten  years  of  the  original  lease. 

The  foregoing  statement  is  condensed  from  a  series  of 
articles  in  the  “Engineering  News'’  which  the  Editor  summar¬ 
izes  as  follows: 

“To  summarize  briefly  the  plan  under  which  the  bids  were  re¬ 
quested,  provided  for  the  building  of  the  railway  according  to  the 
specifications  of  the  Rapid  Transit  Commission  and  its  operation  for 
a  period  of  fifty  years.  The  contractor  receives  his  pay  in  long  term 
bonds  issued  by  the  City  of  New  York.  In  addition  to  constructing 
the  subway,  the  contractor  is  to  operate  it  for  fifty  years,  must  pro¬ 
vide  the  rolling  stock  and  motive  power  himself,  and  pay  a  rental  to 
the  city  of  an  amount  equal  to  the  interest  on  the  bonds,  plus  one 
percent  for  a  sinking  fund  to  retire  the  bonds.  At  the  end  of  forty- 
five  years  it  is  calculated  the  bonds  will  have  been  paid  off.  When  the 
contract  expires  at  the  end  of  fifty  years  the  City  agrees  to  buy  the 
rolling  stock  and  other  equipment  from  the  contractor  at  a  price  to 
be  agreed  upon  by  arbitration. 

“  By  this  plan  the  City  in  fifty  years  becomes  the  owner  of  a  Rapid 
Transit  Subway  without  any  cash  outlay  and  assumes  no  financial 
burden  except  that  it  stands  behind  the  bonds  in  case  the  contractor 
fails  and  is  unable  to  pay  interest  on  them. 

“The  contractor  is  thus  able  to  secure  money  at  a  lower  rate 
than  if  he  used  his  own  credit  to  insure  bonds  and  stock;  he  is  saved 
the  expense  of  financing  the  scheme  and  furthermore,  he  is  operating 
not  under  a  franchise  which  can  be  altered  by  legislation,  but  under 
a  definite  contract,  which  cannot  be  broken  by  any  laws  that  may 
be  passed.” 

Now,  as  to  the  results  of  the  operation  of  the  subway;  the 
following  figures  will  show  that  notwithstanding  all  the  pre¬ 
liminary  investigations,  reports  and  plans  of  the  various  com¬ 
missioners  made  before  the  subway  was  built  in  March,  1911, 
the  number  of  passengers  carried  daily  was  practically  150  per¬ 
cent  more  than  it  was  supposed  to  carry  when  the  plans  were 
made. 

The  New  York  Times  last  year  contained  the  following: 
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“  The  Subway  was  opened  in  1904.  During  October,  November, 
and  December  of  that  year,  the  Subway  trains  carried  16  241369 
passengers.  Here  are  the  totals  for  the  years  following: 

1905  —  116  209  313  1908  —  220  991212 

1906  —  149  778  380  1909  —  256  76S  981 

1907  _  182  559  990  1910  —  270  221 490 

“The  largest  sale  for  any  one  month  during  the  Subway’s  exist- 

ance,  was  that  for  March  1911.  It  aggregated  26  927  000.  That  is  not 
far  from  1  000  000  passengers  a  day,  yet  the  present  subway  was 
built  to  accommodate  400  000. 

“So  much  for  the  Subway.  Here  is  a  set  of  figures  showing  the 
increase  in  the  total  number  of  New  York  passengers  compared  with 
the  increase  in  population : 


Year 

Population 

Passengers 

1860 

1 174  779 

50  830  000 

1870 

1  478  103 

148  583  000 

1880 

1  911  69S 

287  501  000 

1890 

2  667  414 

606  414  000 

1900 

3  437  202 

846  353  000 

1910 

4  766  883 

1  531  262  000 

“In  a  nutshell — -while  the  population  of  New  York  is  four  times 
as  great  as  it  was  fifty  years  ago,  the  number  of  New  Yorkers  who 
are  passengers  in  the  City’s  transportation  lines  is  thirty  times  as 
great.” 

Extension  of  Rapid  Transit  System :  After  an  extended 
discussion  as  to  the  routes  to  be  built  and  the  terms  under  which 


they  were  to  be  constructed,  the  various  questions  have  finally 


been  settled  within  the  last  few  weeks,  and  the  contractors  for 
the  extensions  were  signed  March  19th,  1913.  The  following 
table  shows  the  existing  and  projected  rapid  transit  mileage 

in  the  City :  Miles  of  Single  Miles  of  Single  Total  miles 


INTERURBAN  SYSTEM  11 

Present  lines 
New  lines 

BROOKLYN  SYSTEM 
Present  lines 

New  lines  built  by  Company 
New  lines  built  by  City  and 
Company 


COMBINED  SYSTEM 
Present  lines 
New  lines 


Subway 

56.1 

75.6 

track  Elevated 

16.9 

71.5 

of  road 

25.9 

48.5 

131.7 

88.4 

74.4 

1.6 

104.9 

84.1 

41.0 

30.2 

69.9 

6.0 

26.0 

71.5 

195.0 

98.1 

56.1 

147.1 

121.8 

161.6 

66.0 

105.6 

203.2 

283.4 

172.5 
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All  the  new  subway  lines  are  to  be  built  by  the  City  and 
the  operating  companies  jointly,  the  City  furnishing  the  greater 
part  of  the  cost  as  shown  by  the  following  tables  of  the  esti¬ 
mated  cost  of  the  extensions: 

INTERBOROUGH  SYSTEM 

City  money  $59  649  250 

Company  money  56  000  000 


Total  INTERBOROUGH  COST 


BROOKLYN  SYSTEM 
City  money 

City  money  already  spent  on  4th 
and  Center  Ave.  lines 
Company  money  for  new  lines 
Company  money  for  extension  and 
improvements 


$64  722  950 

28  486  000 
13  000  000 

21  000  000 


$115  649  250 


Total  BROOKLYN  COST  127  208  950 


SUMMARY 

1.  City  money  for  new  lines 

2.  City  money  for  lines  partly  built 

3.  Company  money  for  new  work 


$124  372  200 
28  486  000 
90  000  000 


$242  858  200 


Total  Construction  $242  858  200 

4.  Company  money  for  interborough  equip.  $  21  000  000 

Company  money  for  B.  R.  T.  Co.  equip.  26  000  000 

-  47  000  000 


GRAND  TOTAL  $289  858  200 

The  following  table  shows  at  a  glance  exactly  what  amounts 
the  City  is  to  furnish  and  what  companies  are  to  furnish  for 
the  extension. 


CONSTRUCTION 

BY  THE  CITY 

Interborough  System  $59  649  250 

Brooklyn  System  34  722  950 


BY  THE  COMPANIES 

Interborough  Company  $56  000  000 

Brooklyn  34  000  000 


$124  372  200 


90  000  000 


TOTAL  FOR  CONSTRUCTION  $214  372  200 

EQUIPMENT 

INTERBOROUGH  COMPANY  $21  000  000 

BROOKLYN  26  000  000 

-  47  000  000 


GRAND  TOTAL 


$261  372  000 
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In  addition,  the  City  is  furnishing  $28  486  000  for  the 
Fourth  Ave.  and  Loop  line  already  under  construction  or  a 
total  of  $152  858  200  out  of  $242  858  200  for  lines  now  being 
built  and  to  be  built,  or  practically  63  percent  of  the  entire  con¬ 
struction  cost. 

The  above  figures  are  taken  from  a  report  of  a  “Committee 
of  the  Board  of  Estimate  and  Apportionment  of  the  City  of 
New  York,  dated  May  12th,  1912,  and  it  is  possible  that  since 
this  report  was  printed  some  modifications  of  the  terms  of  the 
agreement  may  have  been  made  of  \$fiich  the  writer  is  not 
aware. 

The  following  are  briefly  some  of  the  more  important  of  the 
terms  of  the  requirements  between  the  City  and  the  companies, 
as  summarized  by  the  “Engineering  News ”  of  May  30th,  1912. 

Construction  Terms :  “All  construction  to  be  directed  by 
the  Public  Service  Commission  and  all  contracts  for  joint  work 
of  City  and  Company  to  be  let  by  the  Commission  and  under 
its  plans. 

“Money  to  be  expended  by  the  Companies  for  the  cost  of 
these  lines,  to  be  paid  over  to  the  City  authorities  and  expended 
by  them. 

“Contracts  for  elevated  extensions  for  work  done  at  their 
own  expense  will  be  let  by  the  companies,  but  plans  must  be  ap¬ 
proved  by  the  Commission. 

Operating  Terms :  “For  each  system,  fares  to  be  5c.  wit'll 
universal  transfers  for  that  system  only. 

“  Lines  owned  by  the  City  and  Company  are  to  be  amort¬ 
ized  at  such  a  rate  as  to  extinguish  capital  charges  in  49  years, 
at  which  time  the  lines  become  the  property  of  the  City  without 
further  payment.  City  may,  however,  buy  any  part  of  the 
lines  after  ten  years  from  the  beginning  of  their  operation, 
the  price  being  cost  plus  15  percent,  less  the  amortized  propor¬ 
tion. 

“The  net  receipts  of  operation  (after  deducting  from 
gross  receipts  the  operating  expenses,  provision  for  depreciation 
and  renewal,  taxes,  insurance,  general  and  administration  ex¬ 
penses,  etc.,  are  to  be  utilized  in  the  following  sequence : 
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(1)  In  the  case  of  the  Interborough  only,  the  City  receives 
an  amount  equivalent  to  the  rental  under  the  existing  subway 
contracts;  (2)  The  operating  company  receives  a  sum  repre¬ 
senting  the  average  net  earnings  from  the  operation  of  the  ex¬ 
isting  lines,  and  out  of  this  amount  the  company  must  pay  in¬ 
terest,  sinking  fund,  and  other  fixed  charges  on  its  present 
investment;  (3)  The  operating  company  receives  a  yield  of  six 
percent  on  its  new  investments;  (4)  The  City  receives  an 
amount  equal  to  its  bond-interest  charges,  plus  one  percent  for 
sinking  fund;  (5)  The  remainder  is  divided  equally  between 
City  and  company.  However,  an  important  provision  is  that 
any  deficiency  in  any  year  in  meeting  the  payments  to  the 
operating  company  shall  be  paid  off  in  subsequent  years  before 
any  payments  are  made  to  the  City.  Similarly  any  deficit  in 
the  interest  and  sinking  fund  payments  to  the  City  must  be 
carried  along  and  paid  off  in  subsequent  years  before  the  re¬ 
maining  profit  is  divided  equally. 

A  further  important  feature  of  the  agreement  is  that  the 
leases  for  the  existing  subway  are  to  become  coterminous  with 
the  leases  for  the  new  lines,  that  is,  they  will  end  49  years  after 
commencement  of  operation  of  the  new  system.  Further,  if  the 
City  buys  the  new  lines  at  any  time  after  ten  years  as  pro¬ 
vided,  then  it  may  after  35  years  acquire  the  existing  subways 
upon  payment  of  a  sum  equal  to  the  remaining  value  of  the 
lease. 

“The  elevated-railway  extensions  are  to  be  held  by  the 
companies  under  lease  or  franchise  of  maximum  duration  85 
years.  The  City  has  the  right  to  acquire  these  lines  after  ten 
years  or  at  the  termination  of  the  franchise,  but  it  is  specified, 
curiously  enough,  that  the  City  must  not  use  the  lines  for  rapid- 
transit  operation  or  permit  anyone  else  to  use  them  in  this  way, 
and  further,  the  company  retains  the  right  to  run  over  such 
lines  if  necessary  to  reach  any  shop  or  yard  it  may  have  along 
such  extensions.  The  franchises  for  third  track  on  any  of  the 
elevated-railway  tracks  apparently  become  coterminous  with 
the  franchises  for  the  remainder  of  the  structure  on  which  they 
lie,  that  is  to  say,  perpetual.” 
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PRESENT  AND  PROPOSED  PHILADELPHIA  SUBWAY  SYSTEM 

Without  going  into  any  extended  description  of  the  pres¬ 
ent  subway  in  Philadelphia,  which  is  practically  a  terminal 
for  the  West  Market  Street  surface  and  elevated  cars,  and  the 
proposed  extension,  it  may  not  be  out  of  place  to  call  attention 
to  the  very  remarkable  similiarity  of  conditions,  both  topograp- 
ical  and  geographical,  in  Philadelphia  and  Chicago.  Chicago  is 
a  level  City  over  its  entire  area,  and  Philadelphia  is  also  level, 
with  the  exception  of  the  Chestnut  Hill  district  in  the  north¬ 
west  portion.  The  principal  business  portion  of  Philadelphia, 
is  situated  on  the  west  bank  of  the  Delaware  River,  extending 
west  to  the  Schuylkill,  just  as  the  business  section  of  Chicago 
lies  on  the  west  side  of  Lake  Michigan  and  in  both  cases  the 
residence  sections  extend,  north,  south  and  west  of  the  central 
business  section. 

The  present  subway  in  Philadelphia,  which  was  built  by 
private  capital,  extends  from  near  the  East  bank  of  the  Schuyl¬ 
kill  River  and  running  under  Market  Street  to  the  foot  of  that 
street  near  the  Delaware  River.  It  is  a  four-track  subway  as 
far  as  the  Public  Building  with  a  double  track  loop  around  the 
latter  and  then  two  tracks  to  the  Delaware,  where  it  connects 
with  an  elevated  along  that  river. 

From  the  Public  Building  to  the  Schuylkill  River  the  two 
outer  tracks  are  for  surface  cars  which  cross  the  river  on  a  low 
level  bridge  and  connect  with  the  surface  tracks  on  West  Mar¬ 
ket  Street,  while  the  two  center  tracks  are  for  the  cars  of  the 
elevated  trains  which  cross  the  river  on  a  heavier  up-grade  and 
connect  with  tracks  of  the  elevated  structure  on  the  west  side 
of  the  river. 

With  regard  to  a  possible  subway  system  for  the  entire 
City,  the  present  City  administration  is  having  an  investiga¬ 
tion  made  as  to  the  best  routes  for  a  complete  system  radiating 
all  over  the  City  to  the  outlying  districts.  The  writer  believes 
that  this  is  an  eminently  proper  procedure  as  it  was  in  Chicago, 
as  both  these  cities  being  level,  high  level  Subways,  that  is  at 
shallow  depths  below  street  levels,  can  be  built,  and  these  lines 
should  be  built  where  they  will  serve  the  largest  number  of 
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people,  not  necessarily  when  first  built,  but  also  looking  to 
future  growth. 

PROPOSED  SUBWAY  SYSTEM  IN  CHICAGO 

On  July  15th,  1912,  the  Chicago  City  Council,  ordered  an 
investigation  to  be  made  by  “The  Chicago  Harbor  and  Subway 
Commision”,  for  tentative  routes  for  a  comprehensive  subway 
system  for  that  City.  This  investigation  was  made  by  a  sub¬ 
committee  consisting  of  three:  Messrs.  John  Ericson,  City  En¬ 
gineer;  E.  C.  Shankland,  Consulting  Engineer,  and  James  J. 
Reynolds.  The  first  report  of  this  committee  was  made  Sep¬ 
tember  10th,  1912,  and  a  second  or  supplemental  report  was 
made  October  30th,  1912.  As  is  generally  known,  the  busi¬ 
ness  portion  of  Chicago  is  on  or  near  the  Lake  Front,  and  that 
the  City  extends  along  the  lake  to  the  north  and  south  as  well 
as  to  the  west  of  this  central  business  section,  and  the  Com¬ 
mission  recommend  several  initial  subway  routes,  one  extending 
directly  north,  two  extending  in  the  northwestardly  direction, 
one  running  directly  west,  one  southwest,  and  three  running 
directly  south;  the  latter  having  an  east  and  west  branch  along 
55th  Street.  These  lines  are  the  main  trunk  lines  to  be  built 
at  first,  with  feeders  to  be  built  later  as  the  demands  of  traffic 
may  in  the  future  require. 

While  Chicago  has  the  right  to  issue  bonds  for  Subway 
construction,  the  Commission  does  not  in  its  report,  advise  or 
recommend  this  method  of  financing.  They  merely  suggest  two 
methods,  viz :  building  on  the  City ’s  own  credit  or  by  enlisting 
private  capital,  as  will  be  seen  by  the  following  quotation  from 
the  report: 

“In  the  alternative  plans  that  have  been  suggested  for  financing 
Chicago’s  municipal  subway,  the  principle  of  retiring  capital  in¬ 
debtedness  by  the  sinking  fund  method  is  so  obvious  in  either  case 
that  it  becomes  merely  a  question  whether  the  issuance  of  bonds,  to 
defray  the  cost  of  subways,  shall  be  done  by  the  municipality  direct 
or  by  private  construction  agencies  that  shall  enter  into  a  contract 
with  the  municipality  that  will  give  the  latter  the  privilege  of  “re¬ 
capture”  and  absolute  ownership  in  the  end.” 

The  report  also  says: 

“In  general  terms,  it  may  be  set  down  as  a  fixed  principle,  based 
on  New  York’s  experience,  that  the  financing  of  an  independent  system 
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of  municipal  subways  should  only  be  undertaken  on  such  terms  as 
will  automatically  wipe  out  the  capital  cost  of  such  subway  in  a  given 
term  of  years,  on  a  sinking  fund  basis,  and  will  make  certain  that 
at  the  end  of  such  terms,  the  entire  subway  plants  shall  become  the 
property  of  the  people  of  Chicago  free  of  all  debt.” 

“The  terms  of  any  contract  that  may  be  entered  into  between  the 
City  of  Chicago  and  subway  construction  agencies  need  not  provide 
that  at  the  expiration  of  such  contract  the  whole  capital  debt  on  the 
properties  must  be  discharged.  It  is  sufficient  that  the  lien  on  the 
properties  shall  be  constantly  reduced  until  finally  extinguished,  inde¬ 
pendently  of  all  questions  of  ownership  or  control  of  the  properties.” 

In  the  supplemental  report  of  October  30th,  1912,  after 
referring  to  ordinance  of  1907,  under  which  the  surface  lines  are 
now  operated,  the  Commissioners  say : 

“Compare  this  kind  of  financing  with  the  plan  suggested  in  our 
report,  as  one  of  the  alternative  propositions — namely  to  build  Chicago 
Subway  under  private  capital  under  the  City’s  direction — 

“The  City  can  take  over  the  subways  and  equipment  after  a 
certain  number  of  years  upon  payment  to  the  operating  company  of — 

“The  amount  of  money  expended  plus  an  agreed  percent  for  profit. 

“Less  depreciation. 

“Less  the  amount  accrued  in  the  sinking  fund,  credited  for 
amorization  of  the  capital  debt. 

“Less  any  deferred  maintenance  charges. 

“If  the  contract  continues  to  the  end,  then  the  entire  property 
shall  be  turned  over  to  the  City  without  further  payment,  a  sinking 
fund  having  been  credited  for  the  extinction  of  the  entire  capital  debt 
out  of  the  earnings.” 

It  may  be  said  here  that  these  are  the  principles  embodied 
in  the  ordinance  recently  before  the  Council  of  the  City  of 
Pittsburgh. 

PROPOSED  CLEVELAND  UNDERGROUND  RAPID  TRANSIT  RAILROAD 

The  geographical  and  topographical  conditions  in  Cleveland 
are  similar  to  those  in  Philadelphia,  Chicago  and  Detroit,  the 
principal  business  sections  being  along  Lake  Erie  with  the  resi¬ 
dence  sections  extending  East,  West  and  South.  The  topo¬ 
graphy  is  comparatively  level,  although  not  quite  so  flat  as  in 
Chicago.  The  Cleveland  Underground  Rapid  Transit  Company 
was  incorporated  April  7th,  1909,  with  a  capital  of  $10  000 
and  the  first  ordinance  passed  by  the  City  Council  granting  this 
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company  the  right  to  construct  the  subways  signed  by  the 
Mayor  December  7th,  1909,  and  accepted  by  the  Company  the 
day  following.  It  was  approved  at  a  referendum  vote  of  4;he 
electors  of  the  City  at  the  general  election  held  November  8th, 

1910.  Some  amendments  were  passed  by  Council  March  27th, 

1911,  and  on  May  3rd,  1911,  the  Company  increased  its  capital 
stock  to  $3  500  000.  On  March  25th,  1912,  the  ordinance  was 
further  amended  by  the  City  Council  and  these  amendments 
■were  accepted  by  the  Company  on  April  10th,  1912.  Up  to  the 
present  time,  no  construction  has  been  started. 

The  following  are  the  principal  provisions  of  the  ordinance 
as  finally  amended : 

(1)  Joint  use  by  surface  line  cars  running  to  the  Public  Square, 
running  on  routes  not  less  than  four  miles  long,  but  Subway  Company 
to  exercise  complete  control  of  all  cars  using  the  subways. 

(2)  Rate  of  fare  within  City  limits  not  to  exceed  five  cents. 

(3)  Company  to  furnish  to  City  monthly  reports  of  its  car 
mileage  and  earnings,  City  to  have  right  to  examine  books,  vouchers  and 
accounts. 

(4)  Before  beginning  construction  the  Company  to  file  bond  of 
$100  000  to  cover  damages  to  City  and  abutting  property  owners. 
City  may  require  bond  to  be  increased  from  time  to  time. 

(5)  Construction  must  be  started  within  eighteen  months  after 
passage  of  ordinance,  and  at  least  one  double  track  line  on  one  of 
the  routes,  or  from  Public  Square  to  City  limits,  to  be  completed  and 
in  operation  within  four  years. 

(6)  City  reserves  the  right  to  control  schedules,  and  requires 
the  Company  to  receive  and  transmit  interurban  cars. 

(7)  The  Com]3any  agrees  that  the  City,  whenever  it  has  the 
legal  right  to  do  so,  can  upon  giving  twelve  months  notice  in  writing, 
take  over  the  entire  subway  system,  under  the  following  terms: 

(a)  The  Subways,  terminal  spaces  and  stations,  exclusive  of 
tracks  and  appliances  contained  thereon,  at  the  rate  of  $350  000  per 
mile  of  single  track,  for  which  there  shall  be  deducted  for  each  year 
that  such  mile  of  track  has  been  in  use  after  the  fifth  year,  the  amount 
obtained  by  dividing  $350  000  by  the  number  of  years  after  the  fifth 
year  left  on  the  grant  and  the  extension  thereof  to  the  first  day  of 
January,  1985.  Stations  being  measured  at  three  times  the  length 
of  single  track,  multiplied  by  the  number  of  tracks  served  by  the 
station. 

(b)  All  other  property  at  cost  of  reproduction  at  time  of  taking 
over,  less  a  reasonable  amount  for  depreciation. 

(c)  If  City  desires  to  purchase  the  entire  subway  system  before 
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completion,  can  do  so  by  paying  for  parts  already  completed  as  speci¬ 
fied  above,  and  in  addition  by  paying  for  all  preliminary  work  such 
as  plans,  surveys,  etc.,  done  for  the  projected  portions  and  on  which 
actual  construction  has  not  been  started.  To  the  aggregate  amount 
shall  be  added  ten  percent  and  the  sum  so  derived  shall  be  the  purchase 
price. 

(d)  The  City  instead  of  purchasing  itself,  can  designate  to  any 
company  or  corporation,  the  right  to  acquire,  own  and  operate  the 
properties  of  the  company  on  the  same  terms  and  price  at  which  the 
City  can  acquire  it. 

(e)  In  case  City  or  a  licensee  designated  by  the  City  purchase 
the  property,  the  Company  shall  name  an  arbitrator,  the  City  or 
licensee  shall  name  a  second  arbitrator  and  the  two  shall  within  ten 
days  select  a  third  arbitrator. 

(f)  In  case  the  Company  refuses  to  comply  with  any  material 
provisions  of  the  ordinance  relating  to  the  purchase  by  the  City  or 
its  licensee,  such  refusal  shall  work  a  forfeiture  of  the  grant  made  by 
the  ordinances. 

(g)  Rights  granted  by  the  ordinance  shall  continue  until  Jan¬ 
uary  1st,  1960,  unless  the  City  or  its  licensee  have  acquired  the  prop¬ 
erty  by  that  date.  If  the  option  to  acquire  has  not  been  exercised  by 
that  date,  the  franchise  is  extended  to  January  1st,  1985,  at  which 
date  the  subway  exclusive  of  movable  property  shall  become  the  prop¬ 
erty  of  the  Citv  of  Cleveland. 

PROPOSED  DETROIT  SUBWAY  SYSTEM 

The  City  of  Detroit  has  recently  been  considering  the 
question  of  a  Subway  system  and  the  City  Engineer  states  that 
the  Mayor  will  probably  appoint  a  commission  to  investigate 
and  report  on  the  subject. 

Detroit,  both  geographically  and  topographically,  is  very 
similar  to  Chicago,  Cleveland  and  Philadelphia,  the  principal 
mercantile  section  lying  along  the  Detroit  River,  and  the  resi¬ 
dence  sections  stretching  several  miles  to  the  east,  north  and 
west,  with  large  manufacturing  sections  at  considerable  dist¬ 
ances  from  the  mercantile  or  retail  center.  Topographically, 
the  City  is  almost  perfectly  level,  as  is  Chicago.  It  has  one 
thoroughfare,  Gratiot  Avenue,  extending  north  eastwardly  to 
the  northeast  corner  of  the  City  limits,  a  distance  of  about  five 
miles  from  the  City  Hall.  Grand  River  Ave.  extends  north¬ 
west  about  3J4  miles  to  the  northern  City  limits  and  Michigan 
Ave.,  also  running  to  the  northwest  about  four  miles  to  the 
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western  City  limits.  These  three  avenues  cross  the  intersect¬ 
ing  streets  which  run  either  north  and  south,  or  east  and  west, 
at  an  angle  of  about  45  degrees  more  or  less.  The  main  north 
and  south  thoroughfare  is  Woodward  Avenue,  and  near  the 
northern  end  are  located  many  of  the  large  automobile  factories 
and  which  employ  thousands  of  workmen.  The  opinion  of 
many  of  the  citizens  is  that  this  should  be  the  route  of  the  first 
subway,  with  other  lines  built  later  under  some  of  the  avenues 
mentioned  above.  The  writer  has  been  unable  to  learn  whether 
it  is  proposed  to  build  the  subways  by  private  capital  or  by  the 
City,  but  as  in  the  case  of  the  City  of  Chicago,  he  believes  that 
there  should  be  a  thorough  study  before  the  final  decision  is 
made  as  to  the  best  routes  and  which  route  should  be  the  first 
built. 


MUNICIPAL  VERSUS  PRIVATE  OWNERSHIP  OF  SUBWAYS 

There  has  been  much  said  and  printed  in  favor  of  muni¬ 
cipal  ownership  of  Subways,  although  very  little  has  or  can  be 
said  in  favor  of  municipal  operation.  As  to  municipal  owner¬ 
ship,  the  writer  has  his  own  opinion,  but  prefers  to  quote  from 
two  eminent  and  well  known  authorities  on  Subway  construction. 
Mr.  William  Barclay  Parsons,  M.  Am.  Soc.  C.  E.,  and  the  Chief 
Engineer  of  the  present  New  York  Subway  systems  in  an  ar¬ 
ticle  published  in  the  Philadelphia  Press,  May  19th,  1912,  wrote 
as  follows: 

“On  the  subject  of  City  Ownership,  I  fear  that  my  views  are  some¬ 
what  radical,  radical  in  the  sense  of  conservatism,  I  do  not  believe  in 
a  government,  municipal,  or  otherwise,  taking  the  part  that  should 
be  and  can  be  better  taken  by  its  citizens. 

“Any  municipality  is  necessarily  confronted  with  expenditures  that 
can  only  be  made  by  itself,  such  as  water  supply,  sewers,  schools, 
street  paving,  police  and  fire  protection.  These  sums  already  enormous, 
are  steadily  increasing,  and  will  continue  to  increase  faster  than  the 
population,  because  new*  demands  are  arising  in  addition  to  normal 
growth  of  old,  such  as  water  and  sewage  purification  and  greatly  im¬ 
proved  pavements  to  withstand  the  increase  of  vehicular  traffic,  and  a 
general  refusal  to  accej^t  as  satisfactory,  the  standards  of  a  few  years 
since. 

“So  great  has  been  the  pressure  for  spending,  that  in  nearly  every 
city  have  we  stopped  paying  as  we  go,  and  by  the  issuing  of  securities 
are  placing  the  burden  of  paying  on  future  generations,  when  the 
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causes  of  the  debt  in  many  cases  will  have  long  since  become  obsolete 
before  the  securities  mature.  The  taxpayers  money  is  thus  already 
legitimately  exhausted  and  he  should  not  be  called  upon  in  addition 
to  have  his  credit  risked  in  a  commercial  venture  that  calls  for  the 
closest  watching  and  readiness  to  adopt  new  methods,  and  at  all  times 
exposed  to  being  superceded  by  some  other  form  of  transportation 
which  could  not  be  foreseen.  Such  risk  should  only  he  taken  by  private 
enterprise  and  for  it  the  promoter  is  entitled  to  a  reasonable  profit. 

“It  has  been  argued  that  the  municipality  can  well  afford  to  enter 
the  field  of  railway  construction  because  their  money  can  be  obtained 
at  lower  rates  than  a  private  corporation,  with  the  great  outpouring 
of  municipal  securities  and  the  increased  credit  of  private  corporations 
the  difference  is  now  reduced  to  a  negligable  quantity.  Before  Xew 
York  City  thus  began  to  spend  its  money,  it  was  able  to  float  an  issue 
of  bonds  at  two  and  one-half  percent — the  rate  of  interest  in  Xew 
York  securities  is  now  over  four  percent.” 

Mr.  J.  Y.  Davies,  Consulting  Engineer,  who  was  one  of 
the  engineers  connected  with  the  Pennsylvania  Railroad  tun¬ 
nels  built  in  connection  with  the  New  York  terminal  of  that  road 
at  the  annual  banquet  of  the  Pittsburgh  Chamber  of  Commerce, 
November  25th,  1912,  said  referring  to  the  subway  problem  in 
this  City: 

“The  whole  question,  therefore,  of  the  ‘Evolution  of  Rapid  Tran¬ 
sit  Facilities’  reduces  itself  to  this:  Will  the  Citv  invest  its  own  money 

%/  V 

in  the  construction  of  such  Rapid  Transit  facilities  as  are  needed  by 
the  public  and  necessary  to  the  development  of  the  City’s  territory  as 
a  burden  to  the  City  as  a  whole,  and  either  operate  by  itself,  or  lease 
for  operation,  such  facilities  constructed  on  limited  term  franchise  for 
the  benefit  of  the  City  as  a  whole,  or  will  the  City  give  to  private 
capital  such  advantageous  conditions  as  will  enable  private  capital  to 
construct  and  operate  these  facilities,  which  in  turn  will  increase 
enormously  to  the  City  its  revenues  by  increasing  its  ratables  and 
developing  it  as  a  whole?” 

Mr.  Davies  later  in  his  address  after  referring  to  the  Paris 
Subway  said : 

“But  with  one  other  exception,  no  other  City  but  New  York  has 
tried  to  build  any  such  public  utilities  with  its  public  funds,  and  it 
would  be  a  courageous  administration  that  would  try  it  out  in  your 
city.” 

“If  you  are  sure  of  your  needs  for  rapid  transportation  service, 
and  if  private  capital  is  willing  to  enter  upon  the  project,  then  it 
would  seem  that  the  policy  of  the  City  such  as  yours  would  be  to  act 
as  though  making  a  horse  trade,  obtain  the  best  terms  possible,  and 
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allow  private  capital  to  develop  your  facilities;  or  on  the  other  hand, 
it  is  up  to  the  City  to  invest  its  own  public  money  in  such  develop¬ 
ment  and  take  its  own  chances  of  growth  and  profit.” 

Which  method  should  the  City  of  Pittsburgh  adopt?  Priv¬ 
ate  or  municipal  ownership  ? 

Mr.  Davies  answers  the  question  when  regarding  the  sec¬ 
ond  method,  building  by  the  City  itself,  he  said:  “It  would  be 
a  courageous  administration  that  would  try  it  out  in  your  City. 

And  Air.  Parsons  answers  it  when  he  says:  “Such  7'isk 
should  only  be  taken  by  private  enterprise  and  for  it  the  pro¬ 
moter  is  entitled  to  a  reasonable  profit.” 

With  the  opinions  of  two  such  eminent  authorities  on  the 
subject  as  Mr.  Parsons  and  Mr.  Davies,  that  the  City  should  not 
build  the  Subway  on  its  own  credit,  but  that  it  should  be  built 
by  private  capital,  and  who  give  such  convincing  and  logical 
reasons  for  their  opinions,  is  there  any  need  of  further  dis¬ 
cussing  this  phase  of  the  subject?  The  writer  believes  that 
if  this  is  Settled,  the  only  thing  to  do  is -to  grant  a  subway 
franchise  under  terms  equitable  to  both  parties  to  the  con¬ 
tract,  the  City  and  the  Company,  and  in  the  preparation  of  the 
Pittsburgh  Subway  ordinance,  it  was  the  aim  of  CounciPs  Com¬ 
mittee  responsible  for  the  ordinance,  assisted  by  C.  K.  Robin¬ 
son,  Assistant  City  Solicitor,  to  draw  such  an  ordinance  as 
would  ensure  a  Subway  being  built  and  thus  increase  the 
transit  facilities  to  and  from  the  East  End. 

Mr.  Bion  J.  Arnold,  the  eminent  consulting  engineer  and 
traction  expert  who  was  one  of  the  Commissioners  who  were 
responsible  for  the  reorganization  of  the  traction  system  of  the 
City  of  Chicago,  in  1910  made  a  report  on  “The  Pittsburgh 
Transportation  Problem”  in  which  he  says: 

“Private  capital  will  probably  take  more  interest  in  promoting 
subways  than  if  the  problem  it  left  to  the  City  *  *  *  The  best  solution 
at  present,  apparently,  would  be  to  encourage  private  capital  to  make 
its  best  offer  for  building  the  subways  on  the  basis  of  an  indeterminate 
franchise  reserving  the  right  of  the  City  to  purchase  the  system  and 
to  control  the  source.  A  fund  to  amortize  the  cost  of  construction 
should  be  provided,  and  it  should  be  understood  that  outlying  surface 
lines  and  electrified  steam  roads  could  use  the  tracks  by  paying  suit¬ 
able  compensation.  In  the  meantime,  legislation  should  be  secured  so 
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that  the  City  can  lend  its  credit  to  the  building:  of  subways,  and  then 
the  City  will  be  in  a  position  to  make  a  good  bargain  for  the  sub¬ 
surface  rights  or  to  build  the  subway  with  its  own  money  and  leave 
it  to  some  company  for  operation.” 

It  will  be  noticed  that  Mr.  Arnold  says:  “The  best  solu¬ 
tion  would  be  to  encourage  private  capital  to  make  its  best  offer 
for  building  the  Subways  ”,  and  then  suggests  that  legislation 
be  secured  allowing  the  City  to  build  subways,  apparently  for 
the  purpose  of  forcing  from  a  private  company  more  favorable 
terms  for  the  City  than  could  be  done  if  the  City  did  not  have 
the  legal  power  to  build.  If  this  were  done  it  would  take  just 
as  long  to  get  a  subway  as  if  the  City,  after  getting  the  neces¬ 
sary  legislation,  actually  built  the  subway  itself. 

The  writer  ventures  to  say  that  even  if  the  people  were 
willing  to  wrait  for  four  years  before  the  construction  of  the 
subway  was  started,  and  if  at  that  time  it  might  look  as  if  the 
operation  of  the  subway  from  the  start  would  pay  large  returns 
on  the  investment,  with  two  or  more  applicants  bidding  against 
each  other  for  the  franchise,  it  might  result  in  one  of  the  com¬ 
petitors  offering  such  terms  for  the  rental,  that  there  would  be 
a  temptation  to  keep  down  the  operating  cost  at  the  expense  of 
service  to  enable  the  company  to  pay  the  required  rental.  The 
writer  would  therefore  repeat,  that  based  upon  the  opinion  of 
Messrs.  Parsons  and  Davies,  and  inferentially  endorsed  by  Mr. 
Arnold,  when  he  says:  “Private  capital  will  probably  take  more 
interest  in  promoting  subways  than  if  the  problem  is  left 
do  the  City”,  the  City  should  not  build  the  subway  itself  but 
that  it  should  be  built  by  private  capital. 

METHOD  OF  FINANCING 

There  are  three  methods  by  which  the  funds  necessary  for 
building  a  subway  may  be  provided : 

By  private  capital,  that  is,  by  granting  a  franchise  to  a 
private  corporation,  which  will  undertake  to  provide  the  neces¬ 
sary  funds,  wither  directly  or  through  an  underwriting  syndi¬ 
cate. 

By  the  municipality  providing  the  money  when  permitted 
I>y  law  to  do  so. 
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By  granting  the  franchise  to  a  private  corporation,,  the 
municipality  providing  part  of  the  funds  required,  and  the 
grantee  to  provide  the  balance  under  such  conditions  as  may 
be  agreed  upon  between  the  two  parties. 

The  first  method  is  that  which  has  generally  been  followed 
in  the  past  by  all  cities  in  the  United  States  when  granting 
franchises  for  surface  lines,  which  in  early  days  were  operated 
by  horse-drawn  cars,  later  by  cable  cars  and  at  the  present  by 
electric  cars.  In  the  past  many  franchises  have  been  granted 
for  ninety-nine  years,  which  so  far  as  the  present  generation  is 
concerned  are  practically  perpetual.  At  the  present  time,  how¬ 
ever,  the  custom  has  changed  so  as  to  grant  franchises  of  a 
more  limited  duration  and  the  general  principles  which  apply 
to  surface  line  franchises  should  apply  equally  as  well  to  sub¬ 
way  franchises. 

There  is  somewhat  a  diversity  of  opinion  as  to  just  what 
should  be  the  specific  clauses  and  terms  in  such  a  franchise. 
The  question  of  a  model  street  railway  franchise  has  been  very 
exhaustively  treated  by  a  ‘  ‘  Sub-committee  of  Committee  on 
Franchises”  of  the  National  Municipal  League,  dated  December 
16th,  1911,  and  signed  by  James  W.  S.  Peters,  and  Delos  F. 
Wilcox,  the  latter  at  the  time  of  making  the  report  being  Chief 
of  Bureau  of  Franchises,  Public  Service  Commission  for  the 
First  District,  New  York.  It  is  believed  by  the  writer  that 
while  the  report  contained  suggestions  for  a  street  railway 
franchise,  many  of  the  suggestions  contained  in  it  are  equally 
applicable  to  a  Subway  franchise  and  the  following  quotations 
are  taken  from  the  report: 

“We  would  even  go  so  far  as  to  suggest  the  advisability,  under 
certain  conditions  of  a  practical  consideration  of  the  street  railway 
and  electric  light,  heat  and  power  systems,  because  of  the  economy  to 
be  effected  by  joint  management.” 

While  this  quotation  does  not  include  Subways  the  inference 
is  that  if  there  was  a  Subway  system  it  should  be  included  in 
the  consolidation  and  joint  management.  While  this  may  be 
true  in  principle,  under  the  conditions  as  they  are  at  present 
in  the  City  of  Pittsburgh,  it  would  hardly  be  popular  for  any 
one  to  advocate  giving  a  subway  franchise  to  the  Philadelphia. 
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Company,  which  now  controls  practically  all  the  existing  public 
utilities  except  the  telephone,  so  that  under  present  conditions,  if 
the  City  cannot  build  a  subway,  the  only  thing  to  do  is  to  grant 
a  franchise  to  an  independent  corporation  under  proper  re¬ 
strictions  which  will  insure  a  subway  being  built,  under  such 
specific  terms  as  will  protect  the  City.  Some  of  the  terms  sug¬ 
gested  in  the  report  above  referred  to  are  briefly  as  follows: 

(1)  Franchise  should  describe  the  specific  route,  with  provisions 
for  future  extensions,  obligating  the  franchise  holder  to  extend  its 
lines  from  time  to  time  when  required  by  the  City. 

(2)  The  City  should  reserve  the  right  to  build  extensions  either 
out  of  the  general  fund  or  out  of  the  retirement  fund  or  by  special 
assessments  on  beneficial  property  and  to  require  the  grantee  to  operate 
such  extensions. 

In  this  State,  assessments  on  benefited  property  could  not 
be  made  without  new  laws  being  passed  by  the  State  Legis¬ 
lature. 

(3)  Franchises  should  be  indeterminate,  or  a  franchise  that  may 
be  revoked  by  the  City  upon  due  notice  given,  either  at  any  time, 
or  any  time  after  a  short  minimum  period,  or  at  regular  intervals  not 
more  than  five  years  apart  *  *  *  at  a  fair  price  or  designating  another 
grantee  to  do  so. 

(4)  Price  to  be  fixed  at  which  the  property  is  to  be  taken  over, 
or  the  exact  method  by  which  such  price  is  to  be  determined  in  the 
future.  Present  value  to  be  preferred. 

(5)  As  to  bonds,  it  is  desirable  to  provide  in  the  franchise  that 
they  shall  be  sold  at  a  fair  market  price,  and  shall  be  capable  for 
amortization  purposes  at  a  small  premium  over  the  price  at  which 
they  were  sold. 

(6)  The  franchises  should  provide  some  method  for  the  reduction 
of  the  purchase  price,  or  for  the  accumulation  of  a  fund  with  which 
to  effect  the  purchase.  Suggest  that  the  City  shall  set  aside  a  suffi¬ 
cient  portion  of  the  revenue  derived  from  the  Company,  as  an  amoriza- 
tion  fund  for  the  purchase  of  the  Company’s  bonds  from  time  to  time, 
and  ultimately  offset  the  Company’s  equity  in  the  property  or  that 
the  company  itself  be  required  to  set  aside  annually  in  the  hands  of 
trustees  a  certain  percentage  on  its  investment  with  normal  accumula¬ 
tions  to  amortize  the  capital  in  from  thirty  to  fifty  years. 

(7)  First  consideration,  first  class  service  in  order  to  obtain 
which  City  shall  receive  specific  and  comprehensive  regulatory  power — 

Second  consideration,  protection  of  capital  legitimately  invested 
in  this  public  service. 
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With  the  exception  of  the  first,  requiring  a  specific  route 
to  be  described,  these  principles  were  followed  in  the  prepara¬ 
tion  of  the  Pittsburgh  Subway  ordinance  passed  by  City  Coun¬ 
cil  and  vetoed  by  the  Mayor.  The  ordinance  did  not  specify 
the  exact  route  but  did  specify  the  eastern  and  western  termi¬ 
nal,  but  at  the  same  time  the  ordinance  required  the  route  se¬ 
lected  by  the  Company  to  be  accepted  and  approved  by  Coun¬ 
cil. 

With  regard  to  the  second  method  of  building  a  subway, 
by  the  City  itself,  the  writer  believes  this  should  not  be  con¬ 
sidered  for  two  reasons:  First,  if  there  is  an  urgent  need  of  a 
subway  at  the  present  or  in  the  very  near  future,  it  would 
mean  a  probable  delay  of  several  years  before  the  subway  could 
be  built  and  put  in  operation.  The  first  step  to  be  taken  would 
be  the  passage  of  an  Act  submitting  to  the  people  an  amendment 
to  the  Constitution  allowing  the  City  to  issue  bonds  for  subway 
purposes.  This  Act  would  also  have  to  pass  the  next  ses¬ 
sion  of  the  Legislature  two  years  hence,  after  which  the  amend¬ 
ment  would  be  voted  upon  by. the  people  at  the  next  election. 
The  next  step  would  be  to  submit  to  the  electors  of  the  City, 
the  question  of  whether  bonds  to  the  amount  of  from  ten  to  fif¬ 
teen  million  dollars  should  be  issued,  and  even  if  the  vote  were 
favorable,  it  would  be  at  least  four  years  from  before  work  would 
be  started  which  would  require  two  or  three  years  to  complete. 
In  other  words,  by  this  method  it  would  be  at  least  six  or  seven 
years  before  the  people  would  be  riding  in  the  subway  cars. 

Under  the  present  constitution,  the  bonding  power  of  the 
City  is  limited  to  nine  percent  of  the  property  valuation,  which 
under  the  last  assessment,  in  round  numbers,  is  $758  000  000. 
Bonds  to  the  amount  of  seven  percent  can  be  issued  by  a  refer¬ 
endum  vote,  and  two  percent  additional  by  the  City  Council 
without  a  referendum  vote.  This  limit  has  now  been  pretty 
nearly  reached,  and  to  build  a  subway  on  the  City’s  credit, 
would  require  a  bond  issue  of  about  $15  000  000  or  almost 
two  percent  additional  on  the  present  assessed  valuation.  When 
it  is  considered  that,  as  already  shown,  the  proposed  subway 
would  be  entirely  an  East  End  proposition,  it  is  in  the  writer’s 
opinion  very  questionable  Avhether,  even  if  the  constitutional 


WILKINS — THE  PITTSBURGH  SUBWAY  PROBLEM  177 

amendment  increasing  the  city's  bonding  power  was  carried, 
the  people  of  the  north  and  south  sides  would  ever  vote  the 
increase  of  bonds  for  the  purpose  of  building  a  subway  to  the 
East  End.  As  an  ex-President  of  the  United  States  once  said : 
“It  is  a  condition  and  not  a  theory  that  confronts  us"  and 
under  the  conditions  surrounding  the  question  as  given  above, 
it  seems  to  the  writer  that  if  a  subway  is  to  be  built  in  Pitts¬ 
burgh,  it  will  have  to  be  built  by  private  capital  or  not  at  all. 

The  second  reason  why  the  writer  does  not  believe  the  sub¬ 
way  should  be  built  by  the  City  furnishing  the  funds,  is  that 
with  a  franchise  granted  a  private  company  which  contains 
provision  similar  to  No.  6  quoted  above,  from  the  report  of  the 
Sub-Committee  of  the  National  Municipal  League,  the  City 
would  eventually  own  the  Subway  without  being  called  upon 
to  issue  bonds  or  put  a  dollar  of  its  own  money  into  the  work. 

The  writer  does  not  hesitate  to  say  that  he  believes  the 
subway  should  be  built  by  private  capital  under  a  proper  fran¬ 
chise  and  that  it  should  be  started  at  the  earliest  possible  date. 

Objections  have  been  made  to  the  building  of  a  subway  in 
Pittsburgh  at  the  present  time  on  the  grounds  that  the  popula¬ 
tion  tributary  to  it,  that  is,  the  population  now  living  in  a  zone 
one  half  mile  on  each  side  of  it,  would  not  be  sufficient  to  pay 
operating  expenses  and  fixed  charges  and  at  the  same  time 
the  further  criticism  is  made  that  no  comprehensive  system  has 
been  projected  to  serve  the  entire  City,  that  is  the  north  and 
south  sides  as  well  as  the  East  End.  It  is  the  writers'  prediction 
and  he  wishes  to  go  on  record  as  saying  that  if  a  subway  to  the 
East  End  would  not  pay  at  the  start,  subways  to  either  the 
northern  or  southern  boundaries  of  the  city  would  never  prove 
profitable,  whether  it  be  private  investors  or  the  City  who  furn¬ 
ished  the  money  to  build  them. 

A  study  of  the  map  of  the  Northside  will  show  that  there 
are  only  five  streets  leading  to  the  northern  boundary  line.  The 
most  easterly  one,  East  Street,  is  situated,  almost  its  entire 
length,  in  the  bottom  of  a  narrow  valley,  and  many  of  the 
houses  have  their  back  doors  opening  almost  against  the  hill¬ 
side.  The  next  street  to  the  west  is  Perrysville  Ave.,  situated 
practically  its  entire  length  almost  on  top  of  a  ridge  two  hun- 
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dred  feet,  more  or  less,  above  the  valley  in  which  East  Street  is 
situated.  The  next  street  to  the  west  is  the  Brighton  Road 
which  also  lies  for  a  large  part  of  its  length  in  another  valley, 
with  Riverview  Park  and  two  cemeteries  between  it  and  Perrys- 
ville  Ave.,  for  a  considerable  distance.  The  fourth  is  Cali¬ 
fornia  Ave.,  which,  for  nearly  its  entire  length  to  the  city  line, 
is  situated  almost  along  the  edge  of  the  bluff  overlooking  the 
Ohio  River,  and  the  fifth  and  last  is  Beaver  Ave.,  and  its  ex¬ 
tension,  Preble  Ave.,  the  latter  situated  near  the  bottom  of  the 
bluff,  with  nothing  but  manufacturing  plants  between  it  and 
the  Ohio  River.  If  a  subway  were  constructed  under  any  of 
these  streets,  the  principal  travel  would  be  through  or  long  dist¬ 
ance  fares,  and  I  am  told  that  the  Pittsburgh  Railways  Com¬ 
pany  loses  money  on  every  passenger  it  carries  past  the  northern 
city  line.  If  this  is  the  case,  and  knowing  that  a  surface  line 
as  now  built  in  Pittsburgh,  for  track  alone  costs  $40  000  per 
mile  of  single  track,  and  a  subway  costs  at  least  twenty-five 
times  as  much  per  mile  to  build  as  a  surface  line,  would  a  sub¬ 
way,  which  could  only  expect  to  divide  the  business  with  the 
surface  lines  ever  pay  even  operating  expenses,  to  say  nothing  of 
maintenance  and  fixed  charges. 

From  an  inspection  of  the  topography  of  the  South  Side, 
with  a  long,  narrow,  flat  extending  between  the  river  and  the 
hills  to  the  south,  with  no  break  or  valley  between  Becks  Run 
and  Saw  Mill  Run,  it  will  plainly  be  seen  that  the  conditions  are 
even  wTorse  than  on  the  North  Side,  and  that  it  would  mean 
financial  suicide  for  any  one  to  invest  money  in  a  subway  under 
such  unfavorable  conditions. 

With  such  unfavorable  topographical  conditions  on  the 
North  and  South  Sides,  does  not  the  whole  question  narrow  down 
to  this :  If  any  subway  route  at  all  in  the  City  of  Pittsburgh  will 
ever  pay,  is  it  not  to  the  East  End  and  to  the  East  End  or 
Liberty  Valley  only? 

The  writer  ventures  to  answer  the  question  by  saying  that 
this  is  the  only  route  that  will  ever  pay,  and  that  the  objection 
that  has  been  raised  against  building  any  subway  until  a  com¬ 
prehensive  system  has  been  projected  for  the  entire  city,  is  not 
in  itself  a  good  reason  for  not  building  the  line  to  the  East  End. 
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If  Pittsburgh  were  a  comparatively  level  city  like  Philadelphia, 
Boston,  Cleveland,  Detroit  or  Chicago,  the  problem  would  be 
different  and  the  writer  would  admit  that  before  any  part  of  a 
subway  system  should  be  started,  that  a  complete  and  compre¬ 
hensive  study  should  be  made,  looking  to  lines  extending  to  all 
parts  of  the  City.  But  with  the  question  narrowed  down  to  a 
tsUDway  system  extending  from  the  business  section  to  the 
east  the  problem  becomes  practically  that  which  confronted 
New  York,  when  the  first  Subway  was  built  in  that  City.  A 
comparison  of  the  map  of  Pittsburgh  with  that  of  New  York 
will  show  at  a  glance  the  great  geographical  similiarity  of  the 
two  cities;  the  old  City,  now  the  Borough  of  Manhattan  lying 
between  the  two  rivers,  just  as  the  old  City  of  Pittsburgh  lies 
between  the  Allegheny  and  Monongahela,  with  Brooklyn  across 
one  river  and  Jersey  City  across  the  other,  just  as  the  North 
and  South  Sides  are  situated  with  reference  to  the  old  City  of 
Pittsburgh. 

In  New  York  the  first  line  built  extended  from  the  Brook¬ 
lyn  Bridge  out  Fourth  Ave.  to  42nd  St.,  thence  west  on  42nd 
St.  to  Broadway  thence  along  Broadway  to  145th  St.  It  will 
be  seen  that  for  about  4.5  miles  to  Central  Park,  it  practically 
bisects  the  city.  The  writer  believes  that  the  first  subway  line 
for  the  City  of  Pittsburgh  should  do  what  was  done  by  the 
Subway  line  in  New  York,  that  is  practically  bisect  the  city 
by  a  line  approximately  half-way  between  the  two  rivers,  leav¬ 
ing  the  question  of  branches  to  be  determined  later. 

As  to  the  question  of  whether  comprehensive  system  should 
be  projected  before  any  subway  is  built,  or  a  franchise  granted, 
Mr.  Bion  J.  Arnold  in  the  report  previously  referred  to,  which 
will  be  referred  to  later,  says : 

“Successful  subway  design  in  Pittsburgh  will  apparently  involve 
location  of  the  subway  in  a  territory  which  is  capable  of  being  built 
up  with  apartment  houses,  the  selection  of  station  sites  convenient  to 
transfer  to  a  surface  system,  and  the  design  of  terminals  which  will 
make  connection  with  electrified  suburban  lines.  The  configuration  of 
Pittsburgh  with  its  probable  growth  in  population  lends  itself  to  the 
successful  meeting  of  all  these  conditions.  But  to  disclose  the  exact 
location  of  a  subway  before  the  property  is  secured  for  stations  and 
terminals,  will  unnecessarily  hamper  the  enterprise  with  too  heavy  a 
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real  estate  burden.  In  general,  it  may  be  said  that  the  first  section 
of  the  subway  shall  connect  the  down-town  district  with  East  Liberty, 
with  two  stations  in  the  business  center  and  about  three  stations  in 
the  East  Libertj’  district.  The  second  section  of  the  subway  should  be 
built  under  the  river  to  Allegheny  and  the  next  two  sections  should 
consist  of  loops  in  the  business  center  and  an  extension  to  the  South 
Side.” 

The  writer  agrees  with  Mr.  Arnold  so  far  as  the  line  to 
East  Liberty  is  concerned,  but  does  not  agree  with  him  as  to  the 
extension  to  the  North  and  South  Sides,  unless  an  arrangement 
could  be  made  with  the  Pittsburgh  Railways  Company  for  trans¬ 
fers  to  and  from  their  cars,  in  which  case  there  might  be  a  loop 
in  the  vicinity  of  Federal  and  Ohio  Streets  on  the  North  Side, 
and  a  terminal  near  the  Lake  Erie  Station  on  the  South  Side. 

If  the  conditions,  both  topographical  and  distribution  of 
population,  were  such  that  a  comprehensive  subway  system  could 
be  built  for  the  entire  City,  Mr.  Arnold,  as  quoted  above,  said : 

“To  disclose  the  exact  location  of  a  subway  before  the  property 
is  secured  for  stations  and  terminals,  will  unnecessarily  hamper  the 
enterprise  with  too  heavy  a  real  estate  burden.” 

The  writer  heartily  agrees  with  this  principle,  and  it  was 
recognized  in  the  preparation  of  the  Pittsburgh  Subway  ordi¬ 
nance,  as  it  specified  only  the  approximate  location  of  the 
downtown  or  western  and  the  eastern  termini,  leaving  the 
final  location  of  the  route  and  location  of  stations  to  be  ap¬ 
proved  by  the  city  before  construction  was  begun. 

UNDERGROUND  LOOP  FOR  SURFACE  CARS 

A  suggestion  has  been  made,  that  as  a  relief  from  the  con¬ 
gestion  of  the  surface  lines,  in  the  district  below  Smithfield 
Street,  an  underground  loop  starting  underground  near  Fifth 
Ave.,  and  Tunnel  Street  be  constructed.  While  this  would  re¬ 
sult  in  giving  more  room  for  ordinary  vehicle  traffic  on  the 
streets  by  reason  of  taking  off  the  surface  cars,  it  would  not  in 
any  sense  provide  real  rapid  transit  between  the  East  End  and 
the  business  center  of  the  City.  In  fact,  the  writer  believes 
that  instead  of  enabling  the  cars  to  get  out  of  the  congested 
district  in  less  time,  it  would  lengthen  the  time  required  as  it 
would  concentrate  all  the  cars  of  the  Fifth  Ave.  and  Forbes  St. 
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lines  on  a  single  loop  instead  of  having  them  spread  over  the 
various  surface  loops  now  used  west  of  Smithfield  Street.  At 
present  passengers  board  the  cars  at  every  corner  along  the 
various  loops,  while  with  a  single  underground  loop,  with  the 
cars  of  all  lines  running  on  a  single  track  loop,  during  rush 
hours  the  cars  would  be  running  so  close  that  every  time  a  car 
stopped  to  take  on  passengers  at  a  station  every  car  in  the  rear 
would  also  be  held  up.  When  the  cars  emerged  from  the  un¬ 
derground  loop,  or  before  entering,  they  would  be  running  un¬ 
der  exactly  the  same  conditions  as  they  are  now.  Every  one 
who  has  ever  observed,  knows  that  with  the  cars  running  on 
surface  track,  there  is  always  more  or  less  delay  by  reason  of 
the  heavily  loaded  teams  getting  in  front  of  the  cars,  and  that 
on  the  comparatively  narrow  streets  of  this  city,  the  motor- 
men  must  always  be  watching  the  cross  streets  which  intersects 
the  streets  on  which  the  cars  run,  both  of  which  causes,  render 
real  rapid  transit  on  surface  tracks  impossible. 

It  need  hardly  be  said  that  ordinary  surface  cars  running- 
singly  or  even  with  a  trailer  cannot  be  mixed  with  subway  cars 
or  trains  on  a  subway  on  the  same  tracks,  and  that  for  a  sub¬ 
way  to  accommodate  both,  there  would  have  to  be  at  least  four 
tracks,  two  for  the  surface  and  two  for  the  subway  cars,  as  in 
the  Market  Street  subway  in  Philadelphia. 

It  might  be  possible  to  provide  two  independent  and  distinct 
downtown  loops,  one  for  the  surface  cars  and  the  other  for  the 
subway  trains,  but  as  said  before,  the  principal  thing  that  would 
be  accomplished  by  the  underground  loop  for  the  surface  cars 
would  be  to  relieve  the  congestion  on  the  streets  and  provide 
more  room  for  ordinary  vehicle  traffic.  It  is,  however,  very 
doubtful  whether  the  Pittsburgh  Railways  Company  would  go 
to  the  expense  of  constructing  such  an  underground  loop  even 
if  they  were  financially  able. 

If  a  subway  were  built  from  the  East  Liberty  section  in¬ 
to  the  downtown  business  district,  the  bulk  of  the  travel  from, 
say  the  Schenley  Farms  district  east,  would  take  the  subway, 
with  a  consequent  reduction  in  the  number  of  surface  cars  for 
this  long  haul  traffic,  which  in  itself  would  reduce  the  number 
of  cars  on  the  surface  loops  in  the  congested  downtown  streets. 
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As  to  the  advantage  of  a  subway  for  both  surface  cars 
and  subway  cars  in  trains,  this  question  was  considered  by  the 
Chicago  Commission,  and  the  following  is  an  extract  from  the 
supplemental  report  on  that  phase  of  the  subject: 

“There  have  been  some  suggestions  that  if  a  down-town  subway 
system  only  were  built,  the  surface  car  companies  should  be  allowed 
to  use  such  subway  to  relieve  congestion. 

“An  allowance  of  20  seconds  headway  between  surface  cars  would 
give  180  cars  per  hour.  Forty  seats  to  the  car  would  give  7200 
seats  per  hour. 

“Subway  or  elevated  in  subway  with  trains  on  1.5  minutes  head¬ 
way  and  10  car  trains  would  give  forty  10  car  trains,  or  400  cars  per 
hour,  with  50  seats  to  a  car  this  equals  20  000  seats  per  hour. 

“The  cost  of  the  subways  would  be  the  same,  unless  entrance  to 
surface  car  subways  would  be  put  at  each  street  corner  when  the  surface 
car  subways  would  cost  more. 

“If  the  cost  is  the  same,  then  the  surface  car  subway  will  cost 
nearly  300  percent  more  for  each  passenger  than  the  rapid  transit 
subway  will  cost  per  passenger. 

“In  the  operation  of  the  surface  car  subway,  it  is  a  question  if 
the  cars  can  be  operated  at  20  seconds  headway;  for  instance,  take 
a  subway  for  the  North  and  South  Sides;  there  are  about  15  different 
surface  routes  on  the  North  Side,  nearly  as  many  on  the  South  Side; 
unless  a  certain  percentage  of  cars  from  each  of  these  routes  is  taken 
through  the  subway,  there  will  be  complaints  of  discrimination  from 
the  section  whose  routes  do  not  go  into  the  subway;  on  the  other  hand, 
if  a  percentage  of  each  route  is  taken  through  the  subway;  it  means 
a  concentration  and  confusion  of  traffic  at  the  station  which  it  would 
be  impossible  to  avoid.  It  must  be  remembered  that  the  rapid  transit 
cars  have  four  entrances  to  the  cars,  while  the  surface  cars  have  but 
one.  The  entrance  to  rapid  transit  cars  is  on  a  level  with  the  platform, 
while  the  surface  cars  have  steps.  It  is  the  loading  and  unloading  that 
will  govern  the  headway. 

“If  rapid  transit  subways  are  built,  surface  car  subways  will  not 
be  necessary  because  the  greater  percentage  of  surface  cars  coming 
into  the  down-town  district  from  the  outlying  districts  can  be  dis¬ 
continued  and  be  used  for  local  or  short  haul,  thus  relieving  the  surface 
lines  of  the  long  haul  which  they  claim  is  unprofitable. 

“Capacity  of  present  elevated  roads  during  rush  hours  is  45  000 
seats ;  capacity  as  estimated  by  subway  plan  160  000  seats. 

“Surface  car  subway  would  take  180  cars  off  the  streets.  A  rapid 
transit  subway  would  take  500  cars  off  the  streets,  at  the  same  time.” 

Do  not  the  principles  given  above  apply  to  Pittsburgh  as 
well  as  Chicago? 
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Mr.  Bion  J.  Arnold  in  his  report  to  Mayor  Magee  on  the 
Pittsburgh  Transportation  Problem,  which  has  been  referred 
to,  after  suggesting  that  if  a  subway  is  built  in  Pittsburgh, 
arrangements  should  be  made  for  a  combined  system,  using 
the  subway  as  a  main  trunk  line  with  transfers  from  the  sur¬ 
face  lines  and  also  as  a  terminal  system  for  railroad  suburban 
trains,  says: 

“To  secure  this  transfer  and  through  business,  it  will  be  necessary 
to  design  a  subway  system  for  real  Rapid  Transit  by  eliminating  the 
stops  in  the  short  haul  territory,  just  outside  the  business  center  of 
the  city  and  to  operate  trains  instead  of  single  car  units.” 

From  the  above  quotations  it  would  seem  there  should  be 
no  question  or  doubt,  that  for  a  subway  in  Pittsburgh,  built 
for  rapid  transit,  it  should  be  for  cars  in  trains  only  and  that  no 
single  cars  from  the  surface  lines  should  be  allowed  to  use  it. 

THE  PITTSBURGH  SUBWAY  ORDINANCE 

Having  considered  the  subway  problem  of  New  York,  Bos¬ 
ton  and  Philadelphia,  in  which  subways  are  in  operation,  and 
of  the  other  cities  which  have  been  considering  the  problem, 
as  well  as  the  terms  of  the  franchises  and  methods  of  financing, 
and  also  local  topographical  conditions  let  us  take  up  the  con¬ 
sideration  of  the  ordinance  prepared  by  the  committee  of  Council 
and  the  Assistant  City  Attorney. 

The  Committee  decided  that  if  a  subway  was  to  be  built 
it  should  be  built  by  private  capital,  and  having  carefully 
studied  the  various  franchises  granted  in  other  cities,  prepared 
the  ordinance  which  was  vetoed  by  the  Mayor.  Before  the 
ordinance  was  finally  completed  and  passed  by  a  majority  of 
Council,  public  hearings  were  held  by  the  Committee,  at  which 
appeared  representatives  of  various  civic  organizations  of  the 
City  which  presented  their  view.  Many  of  the  suggestions 
that  were  made  would  indicate  that  those  making  them  had  an 
idea  that  there  was  no  doubt  that  the  building  of  the  subway 
would  prove  a  bonanza  to  the  builders,  and  that  therefore  every 
clause  of  the  contract  should  be  absolutely  in  favor  of  the  City. 
In  fact,  one  of  the  suggestions  made  in  effect  was  that  the 
proper  way  to  prepare  a  model  ordinance  would  be  to  take 
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the  most  drastic  clauses  from  ordinances  granted  for  both  sur¬ 
face  and  underground  lines  in  various  cities  and  to  combine 
them  all  in  a  single  ordinance. 

The  Committee,  however,  having  decided  that  as  the  sub¬ 
way  should  be  built  by  private  capital,  and  that  as  the  citizens 
were  anxious  for  the  improvement  of  rapid  transit  facilities 
which  would  be  brought  about  by  the  building  of  the  subway, 
the  franchise  while  not  being  so  drastic  as  to  prevent  private 
capital  investing  its  money  in  it,  should  be  liberal  enough  to 
induce  private  capital  to  undertake  it,  while  at  the  same  time 
protecting  the  city  and  ensuring  ultimate  ownership  by  the 
City.  The  following  are  some  of  the  conclusions  arrived  at  by 
the  Committee  and  by  which  they  were  governed  in  the  prep¬ 
aration  of  the  ordinance : 

First :  Owing  to  the  topography  which  makes  it  entirely 
an  East  End  problem,  there  was  no  necessity  for  any  extended 
engineering  study  by  the  City,  looking  to  the  building  of  a 
•comprehensive  system  of  subways  for  the  entire  City. 

Second:  That  even  if  Legislation  was  obtained,  so  that 
bonds  could  be  issued  to  enable  the  City  to  build  and  own  a 
subway,  it  would  not  be  a  wise  thing  to  do,  as  it  might  cripple 
the  borrowing  power  of  the  City,  should  it  become  necessary  in 
the  future  to  use  its  credit  for  the  raising  of  funds  for  such 
purposes  as  are  purely  municipal  functions  and  which  could  not 
be  exercised  by  private  corporations. 

Third :  Even  if  the  City  could  finance  a  municipal  subway 
without  impairing  its  credit  which  might  be  required  for  other 
purposes,  it  would  not  seem  to  be  good  business  policy  to  put  its 
own  money  into  a  subway  and  lease  it  to  an  operating  company 
when  it  was  possible  to  have  the  operating  company  build  and 
finance  it  under  a  franchise  granted  by  the  City  under  such 
terms  that  at  the  expiration  of  the  franchise  it  automatically 
Lecame  the  property  of  the  City  without  the  City  putting  its 
own  money  into  the  construction. 

The  following  are  briefly  some  of  the  principal  clauses  of 
the  ordinances : 

Route  and  Termini:  Downtown  terminus  to  be  at  least 
as  far  west  as  Ferry  Street  and  East  End  terminus  as  far  east  as 
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Fifth  Avenue  and  Kelly  Street,  and  running  via  tin*  Oakland 

district,  or  with  a  branch  line  to  the  Oakland  district  and  Schen- 

lev  Park. 

•/ 

Equipment:  Steel  cars  and  an  up-to-date  block  signal 

system,  with  capacity  that  will  meet  requirements  of  Board  of 
Supervision. 

General  Plans  and  Their  Approval:  Within  sixty  days 
after  passage  of  ordinance,  general  plans  shall  be  submitted  to 
Council,  showing  proposed  route,  location  of  stations,  switches, 
siding  and  general  type  of  construction  and  equipment.  Tf 
these  plans  are  not  aproved  by  Council  within  90  days,  then 
the  ordinance  becomes  null  and  void. 

Financial  Responsibility:  If,  instead  of  approving  the 
general  plans  Council  is  not  reasonably  assured  of  the  financial 
ability  of  the  company  to  carr}^  out  the  plans  and  construct  the 
subway,  the  rights  of  the  company  under  the  ordinance  ceases. 

Bonds  to  be  Filed  by  Company:  First:  A  bond  in  the  sum 
of  $50  000  with  surety  to  be  filed  to  guarantee  the  filing  of  the 

general  plans,  and  the  acceptance  of  the  ordinance  in  case  the 

\ 

general  plans  are  approved  by  Council  or  to  file  a  further  bond 
of  $100  000  as  hereafter  provided. 

Second:  If  the  general  plans  are  approved  by  Council, 
then  within  ten  days  after  said  approval,  the  company  shall  fib' 
with  the  City  Controller,  a  second  surety  bond  of  $100  000  to 
guarantee  the  preparation  of  detail  plans  and  specifications 
within  twelve  months  after  the  approval  of  the  general  plans 
by  Council,  and  if  said  plans  and  specifications  are  not  filed 
within  that  time,  the  said  bond  of  $100  000  is  forfeited. 

If  the  detail  plans  and  specifications  are  filed  with  the  Board 
of  Supervisors,  within  the  twelve  months  after  approval  by 
Council  of  the  general  plans,  no  construction  work  shall  be 
started  until  the  detail  plans  are  approved  by  the  Board  and 
if  the  detail  plans  are  not  approved  by  the  Board,  they  shall  be 
submitted  to  Council,  and  if  Council  does  not  approve  them  in 
ninety  days,  the  ordinance  becomes  null  and  void. 

Third:  Upon  approval  of  the  detail  plans  and  specifica¬ 

tions  the  Company  shall  within  three  months  thereafter  fib' 
with  the  Controller  a  bond  of  $250  000  to  guarantee  the  com- 
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mencement  of  construction  within  sixty  days,  and  the  comple¬ 
tion  and  equipment  within  four  years  thereafter. 

Board  of  Supervisors :  Within  thirty  days  after  passage 
of  ordinance  one  member  of  a  Board  of  Supervisors  shall  be 
appointed  by  the  Mayor  with  the  approval  of  Council  to  be  paid 
a  salary  as  fixed  by  ordinance.  The  second  member  to  be 
appointed  by  the  Company  and  receive  a  like  salary,  and  the 
third  member  to  be  appointed  by  the  Mayor  and  Company  joint¬ 
ly.  In  case  of  not  being  able  to  agree  on  the  third  member  with¬ 
in  thirty  days,  he  is  to  be  appointed  by  the  Court  of  Common 
Pleas  of  Allegheny  County,  and  to  be  paid  the  same  salary 
as  the  other  two.  The  City  or  Company  at  any  time  may  re¬ 
move  their  respective  appointees  and  appoint  others.  City 
or  Company  can  remove  the  third  member  unless  said  member 
has  been  appointed  by  the  Judges,  unless  his  removal  is  ap¬ 
proved  by  a  majority  of  the  Judges.  The  third  member  shall 
be  the  Chairman  of  the  Board. 

The  first,  or  City’s  member  of  the  Board  shall  exercise  all 
the  power  of  the  full  board  during  the  construction  and  the 
other  two  members  are  not  to  be  appointed  until  within  thirty 
days  after  the  completion  of  the  construction.  The  first,  or 
City’s  member  will  have  full  supervision  of  plans  and  specifi¬ 
cations,  awarding  of  contracts,  supervision  and  approval  of  con¬ 
struction  and  the  inspection  of  the  same.  The  full  board  will 
have  the  supervision  of  the  operation,  including  fixing  and 
changing  of  schedules,  including  traffic  arrangement  or  trans¬ 
fers  of  cars  of  other  lines  on  the  lines  of  the  Company  includ¬ 
ing  the  method  of  keeping  accounts  and  up-keep  of  railway  and 
equipment. 

If,  however,  before  the  construction  is  completed,  there  is 
in  existance  a  State  Public  Utilities  Commission,  then  if  the 
City  and  Company  agree  the  Board  of  Supervisors  may  be 
dispensed  with  and  the  subway  operated  subject  to  the  super¬ 
vision  of  the  Public  Utilities  Commission. 

Accounting :  The  Company  to  keep  a  detailed  account  of 

all  expenditures  for  construction,  equipment  and  operation,  sys¬ 
tem  of  accounting  to  be  approved  by  the  Board  of  Supervis¬ 
ion.  Company  to  file  annual  reports  with  the  City  Controller. 
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On  completion  of  work  a  statement  shall  be  filed  with  the  Board, 
showing  actual  cost  of  construction  and  equipment  and  only 
such  items  shall  be  included  as  have  from  time  to  time  been  ap¬ 
proved  by  the  Board  as  proper  charges  and  shall  include  in¬ 
terest  at  five  percent  per  annum  on  the  investment  from  time  to 
time,  to  date  of  commencement  of  operation  of  cars,  but  shall 
not  include  discounts  on  sale  of  bonds  or  cost  of  securing  funds 
in  financing  the  work.  Cost  of  construction  and  cost  of  equip¬ 
ment  shall  together  be  considered  as  “Capital  account.’ ’ 

Purposes  to  Which  Gross  Receipts  Shall  be  Appropriated : 
First:  Interest  on  Company’s  debt,  but  shall  not  exceed  six 
percent  accumulation  on  the  capital  amount,  plus  tax  payable 
on  bonds,  plus  amounts  required  for  sinking  funds  for  retire¬ 
ment  of  bonds. 

Second:  Operating  expenses,  including  administration  ex¬ 
penses,  insurance  taxes,  damages,  maintenance  and  renewals,  and 
one-half  expenses  of  Board  of  Supervisors. 

Third:  If  bonds  provide  for  sinking  funds,  payments  in¬ 
to  said  fund  shall  be  made  to  the  City  Treasurer  for  redemp¬ 
tion  of  bonds  at  maturity,  when  they  become  the  property  of 
the  City  of  Pittsburgh. 

In  case  payments  to  city  on  account  of  sinking  funds  are 
not  equal  to  0.5  percent  annually  on  cost  of  construction,  or  if 
no  provision  is  made  for  any  sinking  fund,  the  company  shall 
pay  to  the  City  Treasurer,  an  annual  amount  equal  to  0.5  of 
one  percent  of  cost  of  construction  which  payment  shall  be  made 
ou  tof  balance  of  current  receipt  after  payment  specified  in 
the  first  and  second  foregoings  paragraphs.  This  bond  to  be 
used  solely  for  the  retiring  of  the  Company’s  bond,  and  in  case 
of  any  excess  of  payment  to  the  City,  such  excess  may  at  op¬ 
tion  of  City,  be  used  for  either  one  or  both  the  following  pur¬ 
poses  : 

(a)  On  account  of  the  purchase  of  the  property. 

(b)  The  building  extensions  if  City  desires,  said  exten¬ 
sions  to  be  property  of  City  and  must  be  operated  by  the  Com¬ 
pany,  the  Company  to  pay  five  percent  interest  on  cost  of  ex¬ 
tension,  provided  earnings  of  the  extensions  equal  or  exceed 
the  amount  of  said  interest.  If  earnings  of  said  extensions 
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do  not  equal  five  percent  on  the  cost,  then  the  payment  to  be 
the  actual  net  earnings  of  the  extensions  as  determined  by  the 
Board. 

Fourth:  Any  balance  of  income  to  go  to  Company  for  25 
years  after  operation  of  subways  is  begun;  after  which  for  an 
additional  25  years  25  percent  to  the  City  and  75  percent  to 
the  Company,  and  thereafter  to  be  divided  until,  the  City  or 
its  assignee  purchase  the  property. 

Bate  of  Fare :  Fare  to  be  no  greater  than  five  cents  for 
a  continuous  ride  unless  authorized  by  Ordinance. 

Bight  of  City  to  Purchase:  City  after  twenty-five  years 
from  beginning  of  operation  shall  have  the  right  on  six  months 
notice  to  purchase  the  entire  property  and  equipment  at  a  price 
to  be  fixed  as  follows : 

Cost  of  construction,  plus  the  then  appraised  value  of  equip¬ 
ment,  plus  25  percent  on  the  two  amounts.  If  option  to  pur¬ 
chase  is  not  exercised  by  the  city  at  the  end  of  the  first  25 
years,  then  the  25  percent  shall  be  reduced  one  percent  for  each 
year  after  the  25  years,  until  at  the  end  of  50  years  the  price 
shall  be  cost  of  construction,  plus  the  then  appraised  value  of 
equipment. 

The  Company  agrees  by  the  acceptance  of  the  ordinance 
that  it  will  not  question  the  right  of  the  City  to  acquire  the 
property  under  the  above  terms,  whether  the  City  now  has 
power  or  authority,  or  may  acquire  such  power  by  future  legis- 
latue. 

Traffic  Arrangement  with  Other  Transportation  Lines :  The 
Company  must  at  all  times  make  traffic  or  trackage  arrange¬ 
ment,  or  interchange  transfers  other  carriers  of  passengers,  when 
required  to  do  so  by  the  Board  of  Supervisors,  on  such  terms 
as  may  be  fixed  by  said  Board. 

Free  Transportation :  Free  transportation  to  be  given  only 
to  policemen  and  firemen  in  uniform,  and  Company’s  own  em¬ 
ployees  engaged  in  the  performance  of  their  duties. 

Extensions  Desired  by  Company :  Company  may  build  exten¬ 
sions  when  authorized  by  ordinance  of  City  Council,  and  such 
extensions  to  come  under  all  the  enactments  of  the  ordinance  as 
though  they  were  part  of  the  original  plan. 
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Failure  to  Comply  with  Ordinance :  If  the  company  at  any 
time  fails  to  comply  with  the  provision  of  the  ordinance,  and 
the  Court  upon  application  by  the  City  for  the  appointment 
of  a  Receiver,  finds  the  failure  to  be  a  fact,  the  Company  agrees 
to  the  appointment  of  a  Receiver  and  waives  the  right  of  ap¬ 
peal  from  the  order  of  Court  appointing  such  Receiver. 

Right  to  Lease  a  Transfer  Franchise :  The  Company  shall 
not  without  the  consent  and  approval  of  the  City,  assign  or 
transfer  the  franchise,  or  enter  into  any  contract  or  agreement 
with  any  other  company,  or  its  officers,  which  may  he  engaged 
in  the  same  business  in  the  City,  directly  or  indirectly.  No 
officer  or  employee  of  the  Company  shall  be  an  officer  or  em¬ 
ployee  of  any  other  company  in  the  same  business,  under  pen¬ 
alty  of  a  forfeiture  of  the  franchise. 

Disputes  Between  Company  and  Employees  to  be  Arbitrat¬ 
ed  :  Controversies  or  disagreements  between  the  Company  and 
employees  which  threaten  to  interfere  with  the  operation  of 
the  road  must  be  submitted  to  a  Board  of  Arbitration,  two  to 
be  selected  by  the  Company,  and  two  by  the  employees,  if  these 
four  do  not  agree  upon  a  fifth  arbitrater  in  three  days,  then  the 
fifth  shall  be  appointed  by  the  Court  of  Common  Pleas  of  Alle¬ 
gheny  County,  or  a  majority  of  them.  The  Company  agrees 
that  the  decision  of  the  arbitrators  shall  be  final  and  without 
appeal,  provided  the  employees  agree  to  the  same  condition  at 
the  time  of  the  appointment  of  the  Arbitrators. 

A  criticism  has  been  made  to  the  effect  that  there  is  a 
grave  defect  in  the  ordinance,  in  that  there  is  a  period  during 
which  the  City  is  not  protected  by  any  bond,  that  is,  between 
the  time  when  the  detail  plans  are  filed,  for  the  filing  of  which 
the  Company  gives  the  bond  of  $100  000,  and  the  time  of  tiling 
of  the  third  bond.  If  the  detailed  plans  are  filed  within  the 
specified  time  of  twelve  months  after  the  general  plans  arc  ap¬ 
proved,  then  no  matter  whether  the  detail  plans  are  approved 
by  Council  or  not,  the  conditions  of  this  bond  have  been  fulfilled, 
the  company  then  has  three  months  in  which  to  fde  the  third 
bond  of  $250  000,  guaranteeing  the  commencement  within  sixty 
days  and  completion  of  the  work  within  four  years,  and  it  is 
this  period  of  three  months  that  some  objectors  to  the  ordinance 


190  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 

claim  is  a  fatal  defect,  as  it  would  give  the  company  three 
months  in  which  to  sell  out  their  rights  under  the  ordinance. 

In  answering  the  criticism,  it  may  be  said:  First,  that  in 
the  ordinance  which  was  prepared  in  1911,  under  the  advice 
of  Mr.  Arnold,  the  period  was  six  months  instead  of  three 
months  as  in  the  last  ordinance.  Second,  under  the  terms  of  the 
ordinance  the  City  is  enabled  to  keep  in  close  touch  with  the 
development  of  the  plans  and  every  dollar  expended  by  the  com¬ 
pany  in  survey  and  the  preparation  of  plans  is  an  added  guar¬ 
antee  of  good  faith  and  an  assurance  of  its  ultimate  comple¬ 
tion.  It  was  therefore  thought  best  to  provide  for  three  bonds, 
the  first  two  guaranteeing  the  preparation  of  the  plans  and  the 
third  the  completion  of  the  work.  Mr.  C.  K.  Robinson,  As¬ 
sistant  City  Attorney,  commenting  on  this  feature  of  the  ordi- 
nance  says: 

“This  would  enable  the  City,  or  its  representative  to  pass  judg¬ 
ment  on  the  plans.  No  company  under  such  circumstances  could  be 
fairly  asked  to  file  a  bond  guaranteeing  any  type  or  design  of  subway 
that  might  be  insisted  upon  by  the  City.  It  would  be  a  financial 
impossibility. 

“It  therefore  seemed  better  to  put  the  matter  in  this  form,  than 
to  commit  the  City  to  a  definite  policy  at  once,  and,  of  course,  the 
ordinance  had  to  be  designed  to  fit  the  plan  proposed. 

“The  City  is  not,  I  take  it,  primarily  interested  in  forfeiting  a 
bond,  but  in  properly  safeguarding  itself  as  to  all  matters  affecting 
the  construction  of  the  subway  and  in  assuring  itself  that  the  work 
will  be  entered  upon  in  good  faith  and  with  a  fair  opportunity  to 
work  out  all  the  questions  of  detail  and  with  the  assurance  that  unless 
steps  are  promptly  taken  to  guarantee  each  step  in  the  way  that  all 
rights  under  the  ordinance  shall  be  forfeited.  This  is  exactly  the 
plan  of  the  present  ordinance  and  I  think  that  those  making  this 
criticism  fail  to  grasp  the  underlying  structure  and  purpose  of  this 
ordinance.” 

When  the  ordinance  was  completed,  it  was  presented  to 
Council  without  the  name  of  any  grantee  being  inserted,  and 
the  three  companies  that  were  applicants  for  the  franchise 
were  asked  to  state  whether  they  would  accept  the  ordinance 
as  drawn  and  file  the  required  bonds.  One  of  the  companies 
which  appeared  to  have  back  of  it  responsible  people  said  they 
were  willing  to  accept  it  provided  certain  changes  were  made, 
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the  changes  desired,  however,  covered  practically  every  clause 
in  the  ordinance,  and  nearly  every  change  suggested  was  in 
favor  of  the  company  and  correspondingly  less  favorable  to  the 
City.  The  only  company  that  was  willing  to  accept  the  ordi¬ 
nance  without  change  was  the  Pittsburgh  Subway  Company, 
of  which  Mr.  E.  K.  Morse,  a  member  of  our  Society,  is  the  Chief 
Engineer.  The  president  of  that  Company,  was  able  to  con¬ 
vince  a  majority  of  the  Council  that  he  and  his  associates  were 
financially  able  to  construct  the  subway,  and  the  name  of  that 
company  was  inserted  in  the  ordinance  and  it  was  passed  by 
Council  by  a  vote  of  five  to  four.  It  was,  however  vetoed  by 
the  Mayor  and  the  vote  of  five  to  four  was  not  sufficient  to  pass 
it  over  his  veto,  so  that  Pittsburgh  today,  so  far  as  the  begin¬ 
ning  of  the  construction  of  a  subway  is  concerned,  stands  ex¬ 
actly  where  it  did  seven  years  ago  when  the  first  ordinance  was 
introduced. 

In  conclusion,  it  may  be  stated  that  while  the  ordinance 
was  before  Council,  it  was  reviewed  by  the  Rapid  Transit  Com¬ 
mittee  of  the  Chamber  of  Commerce  and  given  its  approval, 
four  of  the  members  of  the  Committee,  Messrs.  Julian  Kennedy, 
W.  C.  Coffin,  George  S.  Davison  and  J.  N.  Chester  being  mem¬ 
bers  of  this  Society. 

DISCUSSION. 

Mr.  Emil  Swensson-.*  I  regret  very  much  my  inability 
to  comply  with  your  request  to  discuss  Mr.  Wilkins  ’  paper  at  the 
meeting  this  evening,  owing  to  a  previous  engagement.  I  have, 
however,  read  the  paper  with  much  interest  and  anticipation, 
but  was  much  disappointed  in  finding  that  the  engineering  and 
economic  points  of  the  problem  have  been  nearly  entirely  omit¬ 
ted.  So  is  also  the  financiering  part  of  the  problem  overlooked 
and  practically  the  only  part  of  the  problem  contained  in  the 
paper  is  the  legal,  as  the  paper  dwells  nearly  exclusively  on  how 
to  draw  a  partnership  agreement  between  the  City  of  Pittsburgh 
and  a  private  subway  company,  relating  what  has  been  done  in 
that  respect  in  some  American  cities  having  or  planning  to  have 
subways. 

Being  a  paper  presented  before  an  Engineer’s  Society,  I 

•Consulting  Engineer,  Frick  Building,  Pittsburgh. 
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had  hoped  to  learn  of  some  new  economic  design  of  a  subway, 
the  cost  per  mile  of  which,  would  be  so  low  that  the  sparse  popu¬ 
lation  per  acre  of  our  East  End  territory  would  have  produced 
sufficient  revenue  with  five-cent  fares  to  pay  fixed  charges;  I 
had  further  hoped  to  find  in  the  paper  estimates  as  to  prospec¬ 
tive  and  growing  revenues  from  present  and  future  population 
in  this  territory;  and  also  an  estimate  of  cost  of  operation  with 
comparative  studies  either  as  to  what  rate  of  fare  must  he 
charged  now  and  in  the  future,  or  what  load  the  citizens  of 
Pittsburgh  could  expect  to  have  to  carry  from  such  economically 
constructed  subway. 

But  not  any  of  these  important  features  are  touched  upon, 
and  from  an  engineering  point  of  view  these  are  the  funda¬ 
mentals  on  which  to  solve  the  subway  problem  for  any  city. 
In  other  words,  only  by  being  reasonably  sure  whether  or  not 
it  will  pay  at  a  five-cent  fare,  or  what  the  fare  should  be,  based 
on  cost  of  construction,  maintenance  and  operation  of  subway, 
can  such  satisfactory  partnership  agreement  be  drawn  up. 

What  is  a  franchise  but  a  partnership?  And  the  more 
details  into  which  such  agreement  goes,  the  closer  becomes  the 
partnership.  Whether  a  private  company  furnishes  the  original 
capital  for  its  construction  and  after  a  fixed  number  of  years 
the  City  by  whatever  method  becomes  the  ultimate  owner,  or  the 
City  originally  furnishes  the  money  for  cost  of  construction  and 
leases  it  to  a  private  company  for  operation,  it  is  a  partnership 
in  either  case,  the  main  difference  being  that  the  City  has  better 
credit  than  any  private  company  and  the  capital  can  be  ob¬ 
tained  at  a  lower  rate  of  interest. 

Whatever  rate  of  division  of  gross,  or  net,  earnings  is  made 
between  the  private  company  and  the  City,  and  by  whatever 
method,  it  is  a  partnership,  which  can  and  should  be  based 
solely  upon  sound  business  of  outgo  and  income. 

Prom  whatever  point  of  view  the  subway  problem  is  ap¬ 
proached,  it  must  be  a  partnership  with  someone  of  a  private 
nature  and  the  City  should  be  equally  interested  in  it  as  to 
whether  or  not  it  is  going  to  become  a  paying  concern. 

Another  feature  which  must  be  given  consideration  is  that 
at  whatever  cost  of  construction,  maintenance  and  operation  a 
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subway  is  built,  the  citizens  using  it  will  ultimately  have  to  pay 
the  cost  either  in  fare  or  service. 

For  the  above  reasons  the  features  of  cost  of  construction, 
maintenance  and  operation  are  so  important  that  it  is  impos¬ 
sible  to  solve  the  subway  problem  without  first  starting  with 
these  important  engineering  features,  which  are  omitted  in  the 
paper. 

The  matter  of  who  shall  be  the  principal  in  the  partnership, 
or  who  shall  start  to  be  the  principal  and  who  shall  ultimately 
end  up  by  being  the  principal  in  such  agreement,  or  in  what 
way  the  profits,  if  any,  are  to  be  divided  between  the  partners 
is,  of  course,  of  some  importance,  but  not  the  main  feature  in 
the  solution  of  this  problem. 

I  have  dwelt  too  long  upon  this  matter,  but  you  must  par¬ 
don  me,  owing  to  my  above  mentioned  disappointment.  It  is  to 
be  regretted  that  the  paper  should  dwell  so  long  upon  this 
partnership  agreement  or  franchise,  especially  as  that  is  not 
an  engineering  feature.  Besides,  why  should  the  Engineers’ 
Society  be  treated  to  a  post-mortem  held  upon  a  legal  agree-  * 
ment,  even  though  it  is  based  upon  engineering  features,  when 
these  features  are  not  a  part  of  the  paper  of  the  evening.  It  is 
to  be  hoped  that  the  discussion  will  bring  out  what  is  missing  in 
the  paper,  and  I  trust  that  the  author  will  bring  them  out, 
should  he  have  them. 

Although  there  is  much  to  say  on  the  partnership  agreement 
and  the  arguments  thereon  persented  in  the  paper,  I  will  have 
to  refrain  from  further  discussion,  owing  to  the  absence  of  the 
fundamental  engineering  features. 

Mr.  J.  N.  Chester:*  Mr.  Swensson  in  his  letter  seems  to 
forget  that  this  subway  construction  if  it  goes  ahead  at  all,  will 
be  a  partnership  arrangement  between  some  company  and  the 
City,  and  since  he  declares  it  cannot  be  a  financial  success,  why 
should  he  worry  about  where  the  subway  is  to  be  built  until 
someone  can  be  found  who  is  willing  to  assure  the  City  of  their 
intention  to  build  it  and  if  in  assuring  the  City,  they  agree  to 
build  and  locate  it  as  agreed  upon  between  themselves  and  the 
City,  why  then  waste  gray  matter  worrying  about  the  where  or 
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how.  The  company  that  puts  up  their  money  and  is  willing  to 
take  chances  should  at  least  be  encouraged. 

Having  served  on  the  Subway  Committee  of  the  Chamber 
of  Commerce,  the  details  so  far  as  they  have  been  developed 
are  not  new  to  me,  and  as  I  did  not  agree  with  the  entire  re¬ 
port  of  the  Committee  mentioned,  I  also  believe  that  the  ordi¬ 
nance  passed  by  the  Council  was  not  as  Mr.  Wilkins  would  have 
had  it.  Committee  reports  and  Councilmanic  actions  are  gen¬ 
erally  a  compromise  not  any  one  man’s  ideas  but  the  judgment 
of  the  majority. 

Much  stress  has  been  laid  upon  the  providing  of  an  ade¬ 
quate  sinking  fund  .  If  this  were  to  be  a  manufacturing  propo¬ 
sition  instead  of  an  almost  indestructible  masonry  lined  hole 
in  the  ground,  that  item  would  be  more  of  a  feautre  than  it 
now  is,  and  to  create  a  sinking  fund  that  would  retire  the  in¬ 
vestment  within  twenty  to  fifty  years  would  mean  an  injustice 
to  the  present  generation.  In  fact,  any  sinking  fund  that  will 
retire  the  investment  before  it  has  outlived  its  usefulness  would 
be  an  injustice  to  those  people  who  out  of  the  fares  they  pay 
provide  such  a  fund,  or  the  Company,  who  out  of  their  revenue 
must  make  up  this  fund.  If  the  present  generation  pay  the 
operating  expenses,  interest  and  a  reasonable  profit,  I  believe 
they  will  have  done  their  share. 

If,  as  Mr.  Swensson  predicts,  this  project  will  not  pay,  then 
the  question  of  whether  or  not  it  shall  be  a  municipal  or  private 
project  should  be  quickly  cleared,  for  why  saddle  the  City  with 
a  losing  proposition,  but  if  some  company  is  willing  to  undertake 
what  such  eminent  authority  declares  to  be  a  losing  proposition 
and  still  make  the  City  safe,  why  not  permit  them  to  go  ahead 
and  also  why  not  surround  the  contract  with  everything  that 
would  encourage  them,  and  one  thing  might  be  to  defer  the 
charging  up  of  a  sinking  fund  for  several  years  at  least  until 
the  project  might  have  developed  into  a  paying  proposition. 

The  old  argument  that  municipalities  should  own  all  their 
public  utilities  if  for  no  other  reason  than  that  they  can  borrow 
money  to  construct  same  at  a  much  lower  rate  of  interest  than 
private  corporations  would  not  maintain  if  municipalities  ceased 
to  harass  the  private  corporations  and  thus  depreciate  their  se¬ 
curities.  To  substantiate  this,  witness,  that  the  well  established 
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railroads  in  this  country  can  borrow  money  at  as  low  a  rate 
as  the  City  of  Pittsburgh.  Then,  again,  were  Pittsburgh  to  in¬ 
crease  her  bonded  indebtedness  by  building  a  subway  even 
though  the  necessary  legislation  could  be  had,  from  where  then 
could  come  our  future  bridges,  pavements,  water  works  and 
sewerage  extensions? 

Just  one  thing  more,  were  I  permitted,  I  would  modify  the 
ordinance  as  passed  that  it  might  become  a  ground  work  or 
basis  for  competitive  bids  and  in  the  ordinance,  I  would  provide 
that  bidders  would  state  the  amount  they  should  be  permitted 
to  earn  over  and  above  operating  expenses  and  depreciation, 
leave  this  amount  blank  and  it  would  not  take  long  after  the 
bids  were  in  to  ascertain  who  was  the  best  bidder.  The  bids 
I  predict  would  run  between  five  and  ten  percent. 

Mr.  J.  W.  Todd:*  I  hope  this  meeting  will  not  adjourn 
by  accepting  the  need  of  a  subway  as  axiomatic.  I  think  we 
have  all  been  impressed  by  the  fact  that  this  subway  would  serve 
but  a  small  percentage  of  the  people,  and  as  an  engineering 
proposition  its  effect  on  the  whole  population  ought  of  be  con¬ 
sidered.  I  think  we  have  also  all  been  impressed  by  the  fact  that 
it  is  a  very  costly  operation,  and  so  ought  to  be  only  the  last 
resort.  In  other  words  when  all  the  other  plans  for  rapid  tran¬ 
sit  have  been  exhausted  we  might  turn  to  the  subways  as  the 
next  plan. 

I  believe  that  all  the  possibilities  have  not  yet  been  ex¬ 
hausted.  I  want  to  call  your  attetion  to  a  plan,  which  I  believe 
Mr.  Wilkins  suggested  for  Pittsburgh,  which  has  worked  out 
satisfactorily  in  some  places  and  ought  to  be  extended  to  all 
the  principal  avenues  of  exit,  and  that  is  the  theory  of  direc¬ 
tional  traffic,  as  it  has  been  applied  on  Smithfield  and  Wood 
streets.  If  you  extend  that  same  theory  to  all  the  avenues  of 
exit  I  think  the  reduction  of  running  time  and  its  average  effect 
on  the  whole  population  will  be  much  greater  than  the  effect 
obtained  by  building  subways.  Not  only  will  the  citizen  who 
lives  in  the  East  End  and  works  in  the  City  be  affected,  but 
also  those  who  live  on  the  North  Side,  the  South  Hills,  or  the 
West  End.  The  principle  of  directional  traffic  ought  to  be 
almost  as  easily  accepted  as  the  rule  of  the  road,  “Keep  to  the 
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right.”  I  want  to  call  your  attention  especially  to  the  effect 
this  would  have  on  Liberty  and  Penn  avenues.  At  the  present 
time  vehicles  operate  in  both  directions  on  these  streets  and  it 
is  commonly  accepted  that  the  one  bar  to  rapid  transit  in  this 
city  is  the  horse  drawn  vehicle.  If  we  limited  the  direction  of 
travel  on  these  streets  and  the  City  exercised  its  police  power  in 
preventing  wagons  from  being  on  the  street  car  tracks,  the  in¬ 
crease  in  running  time  would  be  almost  unbelievable.  That 
same  theory  could  be  extended  to  Fifth  Ave.,  and  Forbes  St., 
with  good  results,  as  well  as  the  avenues  leading  to  the  North 
Side.  If  the  City  Council  can  tag  every  wagon  and  can  im¬ 
prison  or  fine  every  driver  who  delays  traffic,  it  can  also  limit 
directional  traffic  and  the  use  of  street  car  tracks  on  the  prin¬ 
cipal  avenues  of  exit,  which  may  be  done  without  harm  to  any¬ 
one,  merchants  or  others,  and  obtain  for  a  few  thousand  dollars 
more  effect  than  they  would  be  able  to  obtain  by  the  expenditure 
of  several  millions  in  subways. 

Mr.  Samuel  E.  Duff:*  I  am  sure  all  will  agree  that  the 
paper  presented  this  evening  covers  the  subway  problem  in 
Pittsburgh  very  completely,  and  also  brings  us  up-to-date  in¬ 
formation  as  to  the  situation  in  other  cities.  The  author  has 
made  a  careful  study  of  the  matter,  and  presents  facts  and 
figures  which  cannot  be  seriously  disputed  by  engineers  familiar 
with  local  conditions.  The  main  conclusions  he  draws  are  sound, 
and  I  believe  should  be,  and  will  very  soon  be,  followed  in  the 
development  of  rapid  transit  in  Pittsburgh. 

To  my  mind  however,  one  important  point  has  not  been 
sufficiently  discussed,  or  rather  all  the  facts  relating  to  it  have 
not  been  sufficiently  emphasized.  I  refer  to  the  question  of  the 
downtown  terminal  of  the  subway,  or  subways,  and  its  relation 
to  the  terminals  of  the  present  surface  lines. 

In  discussing  this  part  of  the  subject,  I  wish  particularly 
to  refer  to  the  following  conclusions  reached  by  Mr.  Wilkins : 

First:  The  author  believes  that  the  requirement  that  the 

terminal  should  extend  as  far  west  as  Ferry  St.,  and  the  entire 
route  of  the  subway  be  subject  to  approval  by  the  city  is  all  the 
restriction  needed  until  after  franchise  ordinance  is  passed. 

Second :  A  comprehensive  study  of  the  transit  possibilities 
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of  the  entire  district,  recommended  by  Mr.  Bion  J.  Arnold  as 
a  step  to  be  taken  before  any  franchise  is  given,  is  set  aside  as 
unnecessary,  in  view  of  the  fact  that  the  only  subway  route 
which  gives  sufficient  promise  of  paying  operating  expenses,  in¬ 
terest  on  first  cost  and  amortising  fund  requirements  lies  be¬ 
tween  downtown  and  the  East  Liberty  Valley. 

Third:  The  practicability  of  a  subway  for  the  terminals 
of  the  existing  surface  lines  in  the  downtown  district  is  denied 
by  the  author. 

To  the  statement  that  a  route  extending  as  far  west  as 
Ferry  St.  subject  to  approval  of  details  by  the  city  is  a  sufficient 
specification  when  franchise  ordinance  is  passed,  I  am  com¬ 
pelled  to  object  for  the  following  reasons. 

The  subway  company  will  undoubtedly  endeavor  to  cover 
with  its  terminal  loop  the  entire  downtown  district  as  far  as 
construction  and  operating  costs  will  permit.  To  do  otherwise 
would  be  short  sighted.  The  company  would  have  to  go  very 
carefully  into  the  matter  of  right  of  way  on  private  property, 
damages  to  existing  structures,  etc.,  and  having  selected  the 
route  could  not  change  it  without  loss. 

As  I  understand  the  terms  of  the  ordinance  Mr.  Wilkins 
suggests  the  company  would  not  be  required  to  disclose  this 
terminal  route  until  60  days  after  the  franchise  ordinance  is 
passed,  and  would  then  have  only  90  days  to  get  the  general 
plans  of  the  entire  project  adopted  or  rearrange  them  to  Coun¬ 
cil’s  satisfaction.  In  such  a  situation  I  can  conceive  of  only 
two  things  happening;  either  the  subway  company’s  route  will 
be  accepted  without  material  change,  or  the  ordiance  would  be 
rejected  and  more  time  lost. 

If  the  subway  company’s  route  is  adopted  it  will  probably 
practically  prevent,  or  at  least  greatly  delay  and  embarrass, 
the  construction  of  any  subsequent  subway  within  the  down¬ 
town  district.  I  say  probably,  but  I  believe  I  would  be  justi¬ 
fied  in  saying  it  would  certainly  do  so.  The  first  company  to 
risk  its  money  in  the  subway  venture  has  a  moral  right  to  all 
the  advantages  it  can  get  from  location,  subject  only  to  specific 
restrictions  imposed  by  the  city. 

The  city  is  therefore  morally  obliged  to  distinctly  and 
plainly  set  out  for  the  benefit  of  the  subway  promoter  any  re- 
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strictions  as  to  routing  which,  it  expects  to  insist  upon. 

Taking  up  the  conclusion  of  the  author  that  no  compre¬ 
hensive  study  is  required  before  franchise  for  first  subway  is 
granted  I  object  to  for  reasons  which  grow  out  of  what  I  have 
just  said. 

I  heartily  agree  with  the  author  that  further  study  of  out¬ 
lying  routes  is  unnecessary  at  this  time,  but  I  am  certain  that 
some  provision  should  be  made  for  terminals  of  future  subways, 
which  must  be  located  within  the  downtown  district  to  properly 
serve  the  public.  It  may  be  that  the  subway  company  will  pro¬ 
vide  for  this  having  in  mind  the  greater  returns  which  would 
accrue  to  it  in  case  its  terminal  was  so  designed  as  to  admit 
other  subway  companies  without  excessive  reconstruction  ex¬ 
penditures,  but  very  little  should  be  expected  from  it  in  this 
connection. 

It  is  evident  therefore  that  the  City  should  plainly  set  out 
and  specifiy  what  it  will  require  of  the  first  subway  builder  in 
order  to  permit  other  subways  to  reach  a  downtown  terminal. 
In  order  to  do  this  the  City  will  have  to  give  some  consideration 
to  the  possibilities  and  probabilities  of  such  construction  within 
the  Pittsburgh  District.  I  have  no  doubt  that  Mr.  Arnold  had 
this  point  in  mind  when  he  emphasized  the  necessity  of  a  thor¬ 
ough  study  of  the  situation  before  any  franchise  was  granted. 

The  third  point  in  connection  with  the  downtown  terminal 
on  which  I  feel  like  taking  issue  with  the  paper  of  the  evening 
is  the  conclusion  not  to  consider  the  probability  of  subways  in 
the  congested  downtown  district  to  accommodate  the  present 
surface  car  system. 

Mr.  Wilkins  has  devoted  a  considerable  portion  of  his  paper 
to  this  question,  but  fails  in  my  opinion  to  lay  sufficient  stress 
on  the  necessity  of  soon  relieving  the  congestion  in  our  down¬ 
town  streets. 

It  is  true  that  the  building  of  a  new  rapid  transit  line  to 
the  East  End  would  greatly  decrease  the  number  of  cars  coming 
into  the  downtown  district  via  Forbes  St.  and  Fifth  Ave.  Mr. 
Bion  J.  Arnold’s  report  shows  the  cars  on  these  routes  amount 
to  about  122  per  hour  out  of  a  total  of  598  cars  per  hour  leaving 
the  downtown  district.  Cutting  off  all  Fifth  Ave.  and  Forbes 
St.  cars  would  not  relieve  the  congestion  very  much. 
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I  am  aware  that  a  good  deal  of  the  present  congestion  is 
due  to  the  distribution  of  the  routes  during  the  cutting  of  the 
hump,  and  I  know  that  the  Pittsburgh  Railways  Company  has 
submitted  a  plan  for  changes  in  downtown  loops  that  will  help 
matters  somewhat,  but  I  am  unable  to  see  how  we  can  expect 
to  get  along  for  very  many  years  with  cars  on  the  surface  of 
our  downtown  streets. 

To  my  mind  our  situation  is  more  nearly  approximate  to 
that  of  Boston  than  any  other  large  city  in  this  country.  As 
Mr.  Wilkins  has  indicated  the  first  move  there  was  to  provide 
subway  surface  cars  under  congested  downtown  streets.  These 
subways  were  afterward  extended  to  Cambridge  and  East  Bos¬ 
ton  for  the  operation  of  rapid  transit  trains. 

I  do  not  say  that  we  should  build  our  surface  car  subways 
first,  but  I  believe  we  should  at  least  provide  for  them  in  ap¬ 
proving  the  route  of  a  rapid  transit  subway  in  the  downtown 
district,  particularly  for  the  reason  that  we  cannot  expect  any 
rapid  transit  subways  to  be  built  soon  except  the  one  to  East 
End. 

I  agree  with  Mr.  Wilkins  in  his  statement  that  it  is  im¬ 
practicable  to  mix  up  high  speed  and  low  speed  units  on  the 
same  tracks.  However  it  is  entirely  practicable  from  an  en¬ 
gineering  standpoint  to  construct  and  operate  under  our  down¬ 
town  district  three  or  four  subway  loops,  arranged  for  both 
high  speed  and  low  speed  units,  consisting  of  two  tracks  sepa¬ 
rated  by  a  common  platform.  The  ends  of  these  loops  would 
approach  each  other  around  a  center  in  the  neighborhood  of  the 
intersection  of  Fifth  Ave.  and  Wood  St.  The  surface  lines 
would  enter  the  subways  at  approximately  Fifth  Ave.  and 
Tunnel  St.,  Wood  St.  between  Water  St.  and  First  Ave.,  Fifth 
St.  between  Duquesne  Way  and  Penn  Ave.  and  about  Penn 
Ave.  and  Eleventh  St.,  thus  relieving  the  entire  downtown 
district  from  the  street  congestion  caused  by  the  many  conflict¬ 
ing  crossings  of  the  present  surface  system. 

Admitting  that  it  is  practicable  to  build  and  operate  these 
subway  loops,  and  that  they  would  take  all  cars  off  the  dowm- 
town  streets,  I  heartily  agree  with  Mr.  Wilkins  when  he  says 
that  the  Pittsburgh  Railways  Company  would  not  build  them 
even  if  they  had  the  money. 
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I  am  sure,  however,  that  the  Railways  Company  would  be 
glad  to  operate  in  them  rather  than  on  the  surface  loops,  for 
this  would  result  in  greater  speed  of  cars  at  terminals,  reduction 
of  running  time  and  increase  of  car  mileage  and  revenue. 

The  great  benefit  would  come  to  the  people  of  Pittsburgh, 
not  only  those  who  own  downtown  property  or  lease  it  for  busi¬ 
ness  purposes,  hut  to  all  whose  business  or  pleasure  brings  them 
into  our  present  congested  district. 

I  believe,  therefore,  that  such  a  subway  terminal  should  be 
built  by  the  City,  not  necessarily  all  at  once,  but  in  parts  as  the 
situation  develops.  The  rentals  of  this  terminal  and  of  arcades 
under  the  streets  embraced  by  the  subway  loops,  would  un¬ 
doubtedly  reimburse  the  City  for  its  original  outlay.  If  it  is 
worth  while  for  private  capital  to  control  the  terminals  it  is 
worth  while  for  the  City  to  do  it. 

The  possible  terminal  area  in  Pittsburgh  is  more  restricted 
than  in  any  city  I  know  of.  Whoever  gets  control  of  it  has  a 
prize.  It  may  turn  out  to  be  a  business  proposition  for  the 
City  to  give  away  some  prizes  to  get  rapid  transit  and  relieve 
street  congestion,  but  I  suggest  that  she  should  be  sure  of  a 
reasonable  return  before  she  loses  control  of  this  downtown 
terminal  area,  which  to  my  mind  is  the  great  prize  of  the  entire 
subway  situation. 

The  most  reasonable  objection  which  can  be  made  to  the 
construction  and  control  of  the  downtown  subway  terminals  by 
the  City  of  Pittsburgh  is  the  amount  of  investment  involved. 
It  is  pertinent  here  to  point  out  that  in  Mr.  Wilkins  reference 
to  the  Boston  subway  it  is  disclosed  that  the  city  originally  con¬ 
templated  an  expenditure  of  $7  000  000  for  improvements  which 
it  would  lease  to  transportation  companies.  I  have  been  unable 
to  obtain  accurate  figures  as  to  what  it  has  actually  invested 
to  date,  but  am  satisfied  that  it  is  far  in  excess  of  $7  000  000. 

That  this  has  turned  out  to  be  a  business  proposition  for 
the  city  is  shown  by  the  fact  that  the  City  of  Boston  paid  for 
that  portion  of  the  new  Cambridge  subway  Bung  within  the 
city  limits. 

To  say  exactly  what  would  be  the  cost  of  a  terminal  sub¬ 
way  system  in  Pittsburgh,  sufficient  to  provide  for  the  present 
surface  cars  and  rapid  transit  terminals,  would  involve  more 
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study  and  investigation  than  I  have  been  able  to  do,  but  l  am 
certain  that  the  total  length  of  double  track  subway  required 
would  not  exceed  2.5  miles. 

The  cost  exclusive  of  tracks,  power  and  lighting  service, 
ventilating  apparatus  and  equipment,  all  of  which  would  be 
furnished  by  the  operating  companies,  should  not  exceed  $1  250- 
00  per  mile,  or  $3  125  000  for  the  entire  terminal.  As  the  con¬ 
struction  would  extend  over  several  years,  the  financial  burden 
on  the  City  would  not  be  excessive. 

The  point  I  wish  to  emphasize  is  that  the  City  should  pro¬ 
vide  for  such  a  terminal,  at  least  as  far  as  general  plans  are 
concerned,  before  any  subway  franchise  ordinance  is  passed,  in 
order  to  deal  fairly  with  the  rapid  transit  promoter  who  risks 
his  money  in  a  new  enterprise,  and  with  the  Pittsburgh  Rail¬ 
ways  Company,  which  has  its  money  invested  in  the  surface 
lines,  and  especially  with  the  people  of  Pittsburgh,  who  in  the 
end  will  pay  all  the  bills. 

Mr.  L.  C.  Moore  :*  Mr.  Wilkins  indicates  clearly  by  com- 
parison  and  in  various  other  statements,  that  rapid  transit  in 
the  true  sense  of  the  term  is  not  possible  for  the  City  of  Pitts¬ 
burgh  as  a  whole  at  present.  Tie  disposes  of  the  North  and 
South  Side  problems  also,  with  the  statement  in  substance  that 
rapid  transit  subways  may  not  be  considered  for  these  parts 
due  to  the  fact  that  the  residence  sections  are  widely  scattered, 
and  that  for  this  reason  it  is  not  necessary  to  consider  rapid 
transit  for  these  localities  for  some  time  to  come. 

The  above  being  the  case  the  only  section  to  consider  is  the 
East  End.  He  disposes  of  the  engineering  features  connected 
with  subways,  for  the  present,  by  the  statement,  that  the  en¬ 
gineer  should  consider  the  financial  problem  and,  as  a  means 
of  assisting  in  this  line  of  argument,  he  compares  our  possible 
problems  with  Boston,  New  York,  Chicago,  Detroit  and  Cleve¬ 
land.  The  writer  desires  to  say  at  this  point  that  there  is  a 
difference  between  rapid  transit  subways  and  subways  without 
rapid  transit.  The  former  condition  can  only  be  obtained  by 
means  of  four  tracks  to  the  East  End,  because  it  is  evident 
there  must  be  two  tracks  for  local  stops.  Therefore  rapid  trail - 

'President,  Lee  C.  Moore  &  Co.,  German  National  Bank  Building.  Pitts¬ 
burgh. 
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sit  to  the  East  End  is  not  practical  because  we  cannot  finance 
it,  at  least  it  would  take  the  City  six  years  before  they  could 
commence  operations,  and  it  is  not  at  all  likely  that  private 
capital  will  attempt  anything  of  this  kind,  such  as  four  tracks 
to  the  East  End. 

Two  tracks  would  not  be  rapid  transit  but  simply  a  “Sub¬ 
way”  if  built  underground,  due  to  the  necessary  local  stops. 
If  this  plan  were  followed,  and  very  likely  this  is  the  one  that 
is  considered  by  some  of  the  applicants  for  ordinances,  covering 
this  matter,  it  is  evident  the  only  thing  to  be  gained  would  be 
that  of  eliminating  some  of  the  trolley  cars  from  the  surface 
tracks;  and  even  this  cannot  be  accomplished  as  a  successful 
solution  unless  the  company  obtaining  such  franchise  could 
work  in  harmony  with  the  present  companies  operating  the  sur¬ 
face  lines,  and  this  is  not  at  all  probable  unless  the  existing 
surface  railroad  company  is  interested  in  the  application  for 
the  ordinance  in  question. 

Mr.  Wilkins  quotes  from  an  address  made  by  Mr.  J.  V. 
Davies,  as  follows :  “If  you  are  sure  of  your  needs  for  rapid 
transportation  service,  etc.,  etc.”  this  seems  to  be  the  first 
problem  to  be  solved,  and  discussion  is  the  only  means  avail¬ 
able  at  present  to  attain  this  object,  in  part,  at  least. 

It  would  not  be  sane  for  anyone  to  advance  the  argument 
in  favor  of  elevated  railroads,  but  there  can  be  no  harm  in  sug¬ 
gesting  for  consideration  a  concrete  viaduct  with  two  tracks; 
the  downtown  terminal  to  be  formed  by  means  of  loops  identical 
with  those  in  use  at  the  New  York  end  of  the  Brooklyn  bridge 
on  ground  owned  or  to  be  purchased  by  the  City,  this  property 
to  be  available  for  City  buildings  over  the  loops,  the  same  as 
the  Hudson  Terminal  buildings  in  New  York  City  are  used 
for  private  purposes.  This  concrete,  double  track  viaduct  to 
be  built  elevated  and  a  line  running  from  its  downtown  terminal 
to  and  through  Liberty  Ave.  easterly  over  the  Fort  Wayne 
tracks,  continuing  at  least  until  after  crossing  over  the  27th 
Street  tracks  of  the  A.  Y.  R.  R.  and  the  33rd  Street  tracks  of 
the  B.  &  0.  R.  R.,  thus  eliminating  two  bad  grade  crossings  and 
running  without  stop  from  the  Union  Station  to  33rd  Street 
crossing. 

Private  capital  might  be  induced  to  lend  its  aid  in  con- 
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structing  this  concrete  viaduct,  afterwards  leasing  for  a  term 
of  years  to  the  Pittsburgh  Railways  Company,  if  the  engineer¬ 
ing  features  were  properly  worked  out,  that  is  if  the  road  was 
built  in  such  a  manner  to  take  all  trolley  cars  from  33rd  Street, 
running  express  service  from  this  point  to  the  downtown  termi¬ 
nal,  it  is  evident  that  we  would  save  at  least  ten  minutes  in 
the  time  consumed  in  traveling  from  the  East  End  to  the  down¬ 
town  terminal,  as  half  of  the  distance  would  not  be  on  the 
street  but  over  it,  and  the  surface  tracks  could  be  abandoned 
for  the  use  of  teams. 

The  above  plan,  an  elevated  concrete  viaduct,  would  prac¬ 
tically  eliminate  noise,  and  half  of  the  distance  to  the  East  End 
being  over  such  elevation,  four  minutes  of  time  would  be  saved, 
which  the  Pittsburgh  Railways  Company  now  claim  is  used  by 
the  motorman,  using  their  best  endeavors  and  some  profanity 
to  hurry  drivers  of  teams  from  the  tracks.  Another  matter, 
one  side  of  the  street  for  more  than  three-fourths  of  the  distance 
to  33rd  Street  would  not  be  available  to  property  owners  for 
damage  suits  against  the  (Tty  or  whoever  might  be  the  owners. 

It  is  possible  this  line  of  argument  can  be  strengthened  a 
little  by  the  following  statement  that  it  is  possible  to  so  plan 
the  route  that  this  concrete  viaduct  does  not  run  on  the  surface 
out  Liberty  Avenue  to  Center  Avenue,  but  in  the  vicinity  of 
33rd  Street  turns  to  the  right,  following  the  line  of  the  Junc¬ 
tion  Hollow  tracks  of  the  B.  &  0.  R.  R.,  crossing  over  the  main 
line  of  P.  R.  R.,  thus  through  Oakland  and  all  the  way  to 
Forbes  Street;  in  other  words,  this  line  would  take  every  sur¬ 
face  car  from  east  of  Oakland  and  33rd  Street  to  its  downtown 
terminal,  thus  saving  ten  minutes  in  transit,  and  by  this  means 
Penn  Ave.,  one  block  north  of  Liberty,  also  Fifth  Ave.  and 
Forbes  Street  would  be  all  available  as  short  haul  tracks  foe 
local  traffic  only,  and  it  follows  that  more  than  three-fourth* 
of  the  cars  now  in  use  over  these  streets  could  be  run  over  the- 
viaduct  to  the  proposed  new  loop,  thus  relieving  the  downtown 
streets  of  their  congested  condition  due  to  surface  tracks. 

By  this  means,,  if  properly  operated,  we  should  be  able  to 

move  between  downtown  and  East  Liberty  in  from  15  to  IS 
minutes. 
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Mr.  N.  W.  Storer  :*  There  are  one  or  two  points  which 
have  not  been  mentioned.  I  am  ready  to  agree  with  those  who 
+*eel  that  it  is  extremely  doubtful  whether  we  should  have  a 
subway  in  Pittsburgh  at  the  present  time.  I  think  it  is  a  very 
risky  proposition  financially  and  T  would  be  opposed  to  the 
City  spending  its  money  on  it.  It  seems  to  me  we  should  de¬ 
velop  our  present  facilities  to  a  much  greater  extent.  I  do  not 
believe  our  surface  lines  have  reached  the  limit  by  any  means, 
and  certainly  our  present  railroads  have  not  reached  theirs.  I 
have  mentioned  before  in  this  City  the  matter  of  the  passenger 
transportation  which  can  be  handled  by  the  Pennsylvania  Rail¬ 
road,  which  controls  practically  every  available  route  into  the 
City  that  is  not  over  streets.  If  this  railroad  were  electrified 
and  given  a  route  downtown,  either  over  a  concrete  viaduct 
over  Duquesne  Way,  where  they  already  have  an  elevated  track, 
up  the  Monongahela  River  and  back  through  the  Fourth  Ave. 
tunnel,  for  instance,  with  another  bridge  over  the  Allegheny 
River  to  connect  with  the  Fort  Wayne  line,  with  cross  routes 
electrified  and  proper  provision  for  rapid  transit  service,  I  do 
not  think  there  would  be  any  necessity  for  any  subways  for 
years  to  come.  We  could  get  through  service  in  all  directions, 
which  is  one  of  the  things  most  needed.  Pittsburgh  may  re¬ 
quire  a  subway  some  time,  but  I  do  not  believe  it  will  be  neces 
sary  for  ten  years. 

I  do  not  think  the  Pennsylvania  Railroad  wants  such  an 
arrangement  as  outlined,  but  I  think  that  is  the  solution  for 
this- question.  I  neglected  to  say  that  it  will  be  necessary  for 
the  railroad  company  to  put  in  a  second  story  of  tracks,  run 
one  track  above  the  other,  in  order  to  accomplish  this  end.  The 
railroad  company  wants  to  eliminate  local  traffic  in  terminal 
stations,  and  this  would  enable  them  to  do  that  in  the  Pittsburgh 
terminals,  which  are  moderately  small,  and  they  could  run  their 
local  traffic  downtown.  Of  course  it  is  difficult  to  cover  the 
entire  City  in  this  way,  but  a  subway  is  open  to  the  same  ob¬ 
jection,  and  passengers  would  have  to  pay  the  extra  fare  under 
the  conditions  offered  them  in  the  franchise.  I  think  we  should 
offer  the  railroads  some  inducement  to  make  such  an  arrange¬ 
ment. 

♦Engineer,  Railway  Department,  Westinghouse  Electric  &  Mfg.  Co., 
East  Pittsburgh. 
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Mr.  Edward  Godfrey  :*  The  author  suggested  agreements 
between  the  subway  and  the  surface  lines  by  which  transfers 
would  be  interchanged,  but  I  have  heard  no  suggestion  jus  to 
how  to  bring  about  such  agreement.  If  we  cannot  have  trans¬ 
fers,  there  can  be  no  use  of  the  subway.  This  subway  would 

* 

have  to  run  several  miles  without  a  station,  no  short  haul  traffic 
whatever.  This  is  a  condition  not  paralleled  in  any  other  city 
where  a  subway  was  ever  built.  Two  car  fares  or  10c  fares 
within  the  City  limits  and  for  a  distance  of  only  three  or  four 
miles  would  be  a  burden  not  laid  upon  the  citizens  of  any 
modern  city.  These  are  the  most  patent  arguments  that  show 
the  lack  of  wisdom  in  building  a  subway  for  this  City.  I  am 
in  favor  of  Mr.  Moore’s  suggestion  of  a  concrete  elevated  way 
out  Liberty  Ave.,  and  viaducts  to  or  toward  the  East  End.  That 
would  give  relief.  It  has  been  suggested  that  the  situation 
could  be  relieved  by  directional  traffic.  The  old  Councils  gave 
away  to  the  traction  company  in  perpetuity  gifts  of  immense 
value,  which  they  have  capitalized;  it  is  now  suggested  that  we 
give  them  the  exclusive  use  of  one-half  of  the  streets  that  their 
tracks  are  on.  Why  not  go  one  step  further  and  make  the 
teams  go  on  the  side  streets  and  the  drivers  do  all  their  teaming 
at  night? 

Mr.  C.  K.  Harvey  :  In  the  discussion  this  evening  of  our 
present  transportation  system  the  point  has  not  been  brought 
out  that,  due  to  the  loops  used  in  the  downtown  district,  each 
car,  in  making  a  round  trip  from  its  outer  terminus,  passes 
twice  through  the  congested  section,  thus  doubling  the  amount 
of  congestion  due  to  street  cars  in  that  section.  In  the  opinion 
of  the  present  speaker,  a  very  practical  solution  of  this  problem 
would  be  the  running  of  cars  through  from  one  extreme  part 
of  the  city  to  another.  A  trip  from  terminus  to  terminus  would 
then  be  the  equivalent  of  the  present  round  trip,  and  would  be 
accomplished  with  one  passage  through  the  congested  district 
instead  of  two,  as  at  present.  This  method  of  operation  would 
also  greatly  facilitate  travel  by  street  car  for  short  distances 
in  the  business  district,  a  tiling  almost  impossible  at  present  in 
most  directions.  Even  in  the  case  of  going  to  the  Pennsylvania 

♦Structural  Engineer,  R.  W.  Hunt  &  Co.,  Monongahela  Bank  Building, 
Pittsburgh. 
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Station  from  downtown  a  man  usually  starts  to  walk,  hoping 
to  be  overtaken  by  one  of  the  few  cars  that  run  in  that  direc¬ 
tion,  rather  than  wait  for  a  car  and  take  a  chance  on  missing 
his  train.  Patrons  of  lines  coming  into  town  over  the  Point 
Bridge,  in  order  to  reach  the  Pennsylvania  Station,  must  dis¬ 
embark,  walk  two  blocks  and  pay  fare  with  attendant  delay  and 
discomfort.  Many  other  examples  might  be  cited  of  similar 
conditions  that  could  be  obviated  by  the  above  common  sense 
method  of  operation.  The  only  objection  to  the  inauguration 
of  this  method  that  occurs  to  the  speaker  is  that  it  would  make 
necessary  a  real  consolidation  of  the  component  companies  of 
the  Pittsburgh  Railways  Company,  instead  of  a  paper  one  in 
the  supposed  interest  of  dividends,  as  at  present.  This  ob¬ 
jection  is  no  doubt  insuperable  from  the  standpoint  of  the 
stock  holders.  But  it  is  not  at  all  improbable  that  such  a  plan 
would,  if  inaugurated,  result  in  increased  income  to  the  Com¬ 
pany. 

The  author,  in  his  very  comprehensive  paper,  has  given 
scant  consideration  to  the  question  of  municipal  ownership  and 
operation  of  the  subway,  in  case  a  subway  is  really  necessary. 
The  speaker  is  far  from  convinced  (and  he  believes  he  voices 
the  sentiment  of  many  engineers  and  laymen)  that  a  subway 
is  a  necessity.  But  suppose  it  can  be  and  is  shown  that  a  sub¬ 
way  for  Pittsburgh  is  a  necessity,  and  it  is  found  feasible  from 
the  engineering  and  financial  standpoints.  What  evidence  is 
there,  in  the  way  of  actual  experience,  against  municipal  owner¬ 
ship  and  operation?  The  main  reason  advanced  here  tonight 

■ 

has  been  that  “the  risk  is  too  great.”  Our  philanthropic  capi¬ 
talists  fear  to  see  the  City  of  Pittsburgh  undertake  something 
at  which  it  might  lose  money,  but  some  of  them  are  apparently 
perfectly  willing  to  assume  this  terrible  risk  themselves. 

The  speaker  happens  to  live  in  a  part  of  the  city  which 
was  formerly  supplied  by  a  private  water  company,  and  the 
service  was  execrable.  Since  this  water  company  has  been  taken 
over  by  the  city  the  service  has  been  admirable.  In  fact,  the 
municipal  ownership  and  operation  of  the  water  supply  is  so 
much  the  rule  instead  of  the  exception,  and  the  service  in  gen¬ 
eral  so  good,  that  it  probably  seldom  occurs  to  any  one  to 
wonder  what  conditions  would  be  under  private  ownership ;  and 
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an  engineer  who  would  advocate  private  ownership  of  this 
public  utility,  to  put  it  mildly,  would  be  looked  upon  with 
suspicion  and  distrust. 

A  number  of  cities  in  America  also  have  their  municipally 
owned  and  operated  lighting  plants  in  successful  and  efficient 
service,  and  at  much  lower  cost  to  the  city  than  was  formerly 
paid  to  private  companies  for  street  lighting.  Municipally 
owned  and  operated  plants  for  producing  artificial  gas  are  by 
no  means  unknown  in  this  country,  and  are,  the  speaker  is  told, 
more  the  rule  than  the  exception  abroad.  In  fact,  he  under¬ 
stands  that,  due  to  some  queer  turn  given  to  public  opinion, 
artificial  gas  plants  in  Great  Britain  occupy  the  same  position 
in  public  ownership  that  water  plants  do  in  this  country.  It 
seems  rather  a  peculiar  thing  that  in  one  country  municipal 
ownership  and  operation  of  the  water  supply  should  be  taken 
as  a  matter  of  course,  and  municipal  ownership  and  operation 
of  artificial  lighting  plants  should  be  looked  on  with  distrust, 
while  in  another  country  just  the  reverse  is  true.  This  condition 
must  result  more  from  a  “state  of  mind”  than  from  any  in¬ 
herent  difficulty  in  municipal  administration. 

Municipally  owned  and  operated  passenger  traction  sys¬ 
tems  have  proved  very  satisfactory  in  Europe,  possibly  not  from 
the  standpoint  of  profit,  but  from  the  standpoint  of  safe,  com¬ 
fortable  and  sanitary  transportation  of  passengers  at  a  reason¬ 
able  cost,  which  is  the  true  standard  to  judge  them  by.  We 
have  become  so  obsessed  with  the  idea  of  profit  that  most  people 
cannot  conceive  of  any  undertaking,  municipal  or  otherwise, 
except  as  a  means  of  “making  money”.  The  true  function  of 
a  municipality  is  to  provide  means  for  satisfying  the  social 
needs  of  its  citizens,  and  its  enterprises  should  be  judged  only 
on  this  basis. 

It  is  of  course  to  the  interest  of  capital  seeking  profitable 
investment  in  public  utilities  to  cultivate  and  strengthen  the 
“state  of  mind”  referred  to  above  in  opposition  to  public  owner¬ 
ship  of  these  utilities.  It  is  a  question,  however,  whether  this 
“state  of  mind”  can  be  much 'longer  maintained,  especially  if 
the  strongest  argument  in  its  favor  is  the  one  advanced  here 
this  evening,  that  municipal  ownership  involves  too  great  a  risk 
to  the  city.  If  the  subway  is  built  and  operated  by  private 
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capital,  to  be  “successful’*,  it  must  be  operated  at  a  profit.  It 
built  and  operated  by  the  city  its  only  requirement  is  to  furnish 
safe,  comfortable  and  sanitary  transportation  at  cost.  If  built 
and  operated  by  private  capital,  or  built  by  the  city  and  oper¬ 
ated  by  private  capital,  it  must,  first  of  all,  make  a  profit.  And 
the  profit  requirement  will  probably,  as  in  our  present  railway 
system,  eliminate  “safe,  comfortable  and  sanitary”  and  provide 
us  merely  with  transportation.  As  to  the  question  of  risk,  if 
the  city,  under  no  necessity  to  operate  a  public  utility  at  a 
profit,  runs  “too  great  a  risk”  in  building  and  operating  a 
subway,  then  private  capital,  under  the  necessity  to  operate 
at  a  profit,  a  fortiori,  runs  “too  great  a  risk.” 

But  suppose  we  do  not  take  this  question  of  “risk”  too 
seriously,  since  it  has  supposedly  been  demonstrated  that  private 
capital  is  not  only  willing  but  anxious  to  build  and  operate  a 
subway  in  Pittsburgh.  If  private  capital  can  build  and  operate 
the  subway  at  a  profit,  would  it  not  be  better  for  the  city  to 
build  and  operate  the  subway  and  distribute  the  profit  to  its 
citizens  in  the  form  of  better  transportation  or  of  reduced  rates  ? 

The  assertion  has  been  made  here  this  evening  that  in 
the  event  of  the  construction  and  operation  of  the  subway  by 
private  capital  no  provision  should  be  made  for  a  sinking  fund 
to  retire  the  bonds,  but  that  we  should  pay  interest  to  the 
ends  of  our  lives,  and  our  descendants  should  follow  the  same 
pleasant  diversion,  in  perpetuum.  The  speaker  is  astounded 
that  no  one  should  contradict  this  assertion,  but  perhaps  the 
gentleman  was  speaking  in  jest,  or  his  remarks  were  so  regarded 
by  those  present.  He  certainly  was  not  speaking,  if  in  earnest, 
either  as  an  engineer  or  a  citizen. 

Mr.  W.  Edgar  Reed  :*  This  paper  and  discussions  have 
brought  out  the  facts  that  there  are  two  principal  questions  in 
connection  with  subways,  viz :  The  route,  and  whether  the  city 
or  a  private  company  should  build  them.  The  author  states  that 
if  any  route  will  be  a  paying  one  it  is  the  one  to  East  End. 
Evidently  no  other  routes  have,  therefore,  been  considered,  nor 
the  earning  power  of  this  route*  approximated.  One  speaker 
said  that  it  was  even  useless  to  consider  whether  a  route  would 
pa}^  so  long  as  some  company  was  willing  to  accept  a  franchise. 

•Consulting  Engineer,  Machesney  Building,  Pittsburgh. 
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The  author  quotes  authorities  who  say  the  municipality 
should  not  build  subways  principally  upon  account  of  the  risk 
and  difficulties  in  raisin"  large  public  funds.  And  in  view  of 
these  considerations  a  franchise  should  now  he  granted  to  .1 
private  company  for  the  East  End  route.  The  above  conclusion 
indicates  that  a  subway  is  so  evidently  unprofitable  that  in¬ 
vestigation  is  unnesessary. 

Now,  are  the  above  the  only  matters  to  be  considered  iii 
this  connection  ?  It  seems  that  if  the  city  has  seriously  con¬ 
sidered  the  financing  or  building  of  subways  that  it  should  have 
investigated  the  same  questions  that  are  considered  before  financ¬ 
ing  or  building  any  transportation  system  which  includes  the 
necessity,  probable  present  and  future  net  earnings,  and  whether 
suelr  system  will  be  a  paying  one. 

Some  of  the  authorities  quoted  by  the  author  state  also 
that  the  city  can  obtain  the  best  bargain  from  private  com 
panies  after  it  is  authorized  to  construct  its  new  subway  and 
that  subways  should  only  be  built  when  other  systems  of  trails 
portation  are  inadequate  and  we  are  quite  sure  that  we  need 
this  kind  of  transportation.  Why  should  this  advice  not  be 
followed  and  the  necessary  authoritv  obtained?  Whv  should 
we  not  then  also  exhaust  everv  other  means  before  taking  this 
expensive  step  ?  And  to  have  a  rough  comparison  of  costs  wc 
may  say  that  every  mile  of  subway  is  equivalent  to  three  miles 
of  elevated  or  25  miles  of  surface  systems.  The  surface  electric 
lines  have  by  no  means  reached  their  limit  and  could  be  greatly 
improved.  There  are  steam  roads  that  could  greatly  assist  pas¬ 
senger  transportation  and  should  do  so  in  consideration  of  the 
valuable  rights  of  way  they  occupy.  If  they  do  not  desire  local 
passenger  service  they  should  not  continue  to  occupy  exclusively 
important  routes  in  the  city’s  congested  district. 

What  more  could  a  subway  to  East  End  provide  than  the 
P.  R.  R.  could  furnish  if  it  were  electrified  or  gasoline  elec¬ 
tric  units  were  operated  and  it  had  a  station  a  few  squares 
closer  to  the  heart  of  the  city?  If  the  P.  R.  R.  operated  trains 
from  the  East  to  the  Fourth  Avenue  Station  or  along  Duquesne 
Way  as  far  as  the  Exposition  Building  considerable  improve¬ 
ment  would  be  made.  It  also  has  connections  to  the  South  Side 
and  Allegheny  that  could  render  great  public  service.  The  B. 
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&  0.  R.  R.  could  carry  passengers  to  the  Shadyside  and  other 
districts. 

Why  should  not  all  these  questions  be  investigated,  by 
somebody  that  has  the  power  to  obtain  results  before  going 
farther?  Then,  if  a  subway  is  necessary  I  believe  that  an  in¬ 
telligent  design  on  broad  general  lines  of  a  comprehensive  sys¬ 
tem  should  be  made  before  deciding  any  single  route.  This 
should  provide  terminals  for  all  future  routes  that  may  be 
necessary  during  the  life  of  the  first  franchise  and  perhaps 
joint  use  of  some  tracks.  In  this  way  future  progress  would  not 
be  impeded  by  what  is  done  now.  This  study  should  also  con¬ 
sider  transfers,  control  of  operation  and  facilities  offered  the 
public  as  well  as  fares,  earnings  and  other  important  matters. 

Although  the  East  End  route  seems  the  most  promising 
one  now,  we  cannot  say  that  others  may  not  be  necessary  within 
25  years  and  it  would  be  extremely  unwise  to  grant  this  one 
route  a  franchise  without  a  general  study  of  the  situation  and 
without  knowing  how  other  routes  and  extensions  could  be  oper¬ 
ated  in  the  future  and  in  conjunction  with  the  first  subway, 
surface  lines  and  present  steam  roads.  Would  it  not  also  be 
practical  to  build  elevated  lines  closely  following  the  Boule¬ 
vard  to  Shadyside  and  East  Liberty? 

It  seems  equally  important  to  know  the  earning  power 
when  a  private  concern  builds  as  it  does  when  the  city  con¬ 
siders  building  subways.  No  subway  company  is  going  to  operate 
at  a  loss  to  furnish  good  service  neither  can  it  be  expected,  or 
required,  to  do  so.  The  service  obtained  will  be  what  is  paid 
for  and  if  it  is  not  a  paying  road  the  service  will  be  corre¬ 
spondingly  poor.  The  city  cannot  obtain  more  than  is  due  it 
from  a  private  subway  company  and  cannot  afford  to  ignore 
its  financial  success  or  failure.  Under  the  proposed  franchise 
the  fares  from  home  to  city  will  for  most  people  be  10c,  i  .e.  5c 
for  a  short  ride  on  the  Pittsburgh  Railways  Company  lines  and 
an  additional  5c  subway  fare.  Without  the  Pittsburgh  Railways 
Company’s  lines  as  feeders  and  distributors  the  present  den¬ 
sity  of  population  does  not  offer  great  promise  to  a  subway. 
Now,  would  it  not  be  better  to  have  the  Pittsburgh  Railways 
Company  operate  the  subwray  giving  transfers  and  perhaps 
lower  rates  than  10c  for  such  service,  or  at  least  have  the  ques- 
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tion  of  transfers  and  cheaper  combined  future  rates  investi¬ 
gated  and  adjusted  before  granting  a  franchise  to  another  com¬ 
pany  to  operate  the  subway  independently? 

The  desire  for  low  fares,  the  regulation  of  service  to  suit 
the  public  and  to  take  care  of  new  conditions  that  are  con¬ 
tinuously  arising,  such  as  desired  extensions,  future  routes, 
blocking  of  other  transportation,  accommodations  of  other 
utilities  and  difficulties  that  cannot  be  foreseen  for  many  years 
in  advance  or  during  the  life  of  a  franchise  (twenty-five  years 
in  this  case)  are  the  principal  considerations  encouraging  muni¬ 
cipal  ownership.  Our  past  legislators  have  not  foreseen  future 
needs  as  well  as  most  people  have  desired  and  perhaps  present 
grants  may  not  be  quite  to  the  liking  of  future  residents.  How¬ 
ever  definite  our  present  ideas  may  be,  the  future  will  surely 
provide  something  new.  Municipal  ownership  will  probably  eli¬ 
minate  these  difficulties  by  leaving  us  more  freedom  in  treat¬ 
ing  matters  when  they  appear  and  to  provide  competition. 
Proper  public  utility  laws  and  service  commissions  may  also 
accomplish .  some  of  the  results  obtained  by  municipal  owner¬ 
ship,  but  this  alone  cannot  procure  the  entire  results  unless 
a  thorough  understanding  is  had  before  granting  franchises. 

It  is  also  agreed  that  municipal  ownership  will  replace 
private  ownership  of  public  utilities  unless  some  equitable  ar¬ 
rangement  for  joint  use  of  limited  terminal  and  other  facili¬ 
ties  is  effected.  In  regard  to  cheaper  fares  from  municipal 
ownership  one  large  item  appears  in  the  fixed  charges  upon 
investment  which  is  enormous  for  subways. 

It  has  been  claimed  that  the  city  cannot  obtain  money  at 
cheaper  rates  than  private  concerns,  but  I  think  records  will 
show  this  is  not  the  case.  Two  recent  bond  issues  sold  by  the 
City  of  Pittsburgh  and  bearing  4.25  percent  interest  brought 
a  premium  of  101.334  and  101.659.  I  do  not  know  of,  or  be¬ 
lieve  that,  any  passenger  subway  can  sell  bonds  approaching 
such  advantageous  figures.  Most  American  people  do  not  look 
with  favor  upon  municipal  ownership.  They  grant  that  the 
City  should  supply  the  police  and  fire  protection,  public  schools, 
sewers,  and  street  paving,  and  in  cases  water  supply  and  pub¬ 
lic  markets,  electric  light  and  gas,  etc.,  but  generally  oppose 
transportation,  telephone  systems,  steam  and  hot  water,  elec- 
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trie  conduit  systems  and  other  necessities.  The  line  is  not  clear¬ 
ly  drawn  however  and  the  reasons  for  such  decisions  are  not 
definite. 

So  long  as  the  streets  can  be  used  hv  all  persons  desiring- 
to  supply  services  and  competition  exists  matters  will  gener¬ 
ally  adjust  themselves,  but  when  the  capacity  of  streets  for 
these  uses  becomes  limited  so  that  monopoly  replaces  competi¬ 
tion  then  the  services  must  be  either  owned  by  the  city  or 
ample  regulation  of  them  be  provided.  Many  cities  have 
taken  years  to  decide  these  questions  and  the  short  delay  re¬ 
quired  for  a  thorough  investigation  could  be  permitted.  Are 
we  not  at  the  point  now  where  the  transportion  routes  are  nearly 
exhausted  and  where  a  commission  with  ample  power  should  not 
study  thoroughly  and  then  amicably  enforce  every  existing 
means  for  bettering  conditions  before  building  subways? 

CORRESPONDENCE. 

Mr.  E.  K.  Morse:*  The  only  logical  location  for  a  sub¬ 
way  at  present  is  from  the  downtown  section  of  the  city  to  the 
East  End.  Much  cold  water  has  been  thrown  on  the  earning 
capacity  of  such  a  subway.  Every  critic  confines  his  basis  of 
argument  to  the  sparsely  settled  population  of  today,  and  not 
one  is  liberal  or  fair  enough  to  consider  the  rapid  growth  that 
would  take  place  as  experienced  by  the  Manhattan-Bronx  sub¬ 
way.  New  York’s  first  subway  is  an  example,  which  experience 
would  only  be  history  repeating  itself  in  our  case.  Not  one  of 
the  critics  has  expressed  himself  frankly  on  the  subject  of 
“Segregation  of  Population."  I  mean  by  this  the  building  of 
solid  blocks  of  apartment  houses  the  whole  length  of  the  sub¬ 
way  from  the  Schenlev  Farms  to  Kelly  Street  and  Fifth  Avenue, 
East  Liberty,  and  for  at  least  1000  feet  on  each  side  of  the 
subway. 

Take  for  one  single  example  the  block  on  Craig  Street  ex¬ 
tending  from  Center  Avenue  to  Bayard  Street.  This  block  is 
800  feet  long,  divided  into  lots  of  50  foot  frontage;  on  the 
corner  lot  at  Center  Avenue  and  Craig  Street  there  is  an  apart¬ 
ment  house,  four  stories  high,  and  by  actual  counts  extending^ 
over  years,  there  are  more  five  cent  fares  from  that  one  apart- 
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merit  house  than  all  the  balance  of  the  residences  built  on  each 
of  the  other  50  foot  lots  on  the  rest  of  the  block,  or  15  resi¬ 
dences  and  every  resident  doing  business  daily  in  the  city. 

It  takes  20  minutes  to  ride  on  the  street  cars  from  Center 
Avenue  and  Craig  Street  to  the  average  downtown  office,  while  a 
subway  train  would  make  the  same  run  in  from  four  to  six 
minutes.  There  has  not  been  found  one  resident  dependent  on 
street  cars,  in  that  whole  section  who  has  not  said  lie  will  go 
home  almost  daily  for  lunch  if  the  trip  were  made  even  in  10 
to  12  minutes. 

Offer  facilities  and  the  traveling  habit  will  grow  in  direct 
proportion  to  the  efficiency  of  the  rapid' transit  offered,  and, 
furthermore,  it  will  continue  to  increase.  Has  there  been  one 
critic  fair  enough,  liberal,  or  loyal  enough,  to  the  best  inter¬ 
ests  of  this  great  City  to  treat  this  most  vital  part  of  a  suc¬ 
cessful  subwa3r,  its  earning  capacity,  its  revenue,  with  fairness 
or  with  frankness  ? 

Having  spent  nearly  eight  years  in  constant  study  of  the 
rapid  transit  problem,  insofar  as  it  pertains  to  subways  for 
Pittsburgh,  and  having  studied  the  general  rapid  transit  ques¬ 
tion  of  Pittsburgh  and  its  suburbs  since  the  chartering  of  the 
Pittsburgh  &  Mansfield  R.  R.  in  1895,  the  location  of  which  is 
now  occupied  by  the  Wabash  R.  R.  Terminal  and  its  line  to 
Carnegie,  (which  formerly  was  Mansfield).  It  is,  therefore,  with 
a  feeling  of  more  than  ordinary  confidence  in  my  ability  to  pass 
proper  and  unbiased  judgment  on  this  questions  that  I  state 
that  Mr.  Wilkin’s  paper  is  the  first  time  the  problem  of  subways 
for  Pittsburgh  has  been  comprehensively  \  dealt  with.  This 
statement  is  made  with  the  full  knowledge  that  I  read  a  paper 
before  this  Society  entitled  “Pittsburgh  Subways’’  in  1907. 
There  were  critics  then  among  the  engineers  of  our  Society  and 
the  same  ones  are  critics  today;  they  were  destructive  and  never 
will  be  constructive  in  their  arguments.  There  has  not  been  a 
critic  on  the  question  of  subways  for  Pittsburgh  who  has  helped 
to  solve  this  big  problem. 

There  are  on  file  in  my  office  five  sets  of  plans  for  proposed 
subways.  It  is  impossible  to  guess  which  one  would  meet  witli 
the  approval  of  the  City  Engineer,  hence,  it  is  impossible  to 
make  an  estimate  or  a  finished  plan.  The  question  of  distance 
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of  top  of  rail  below  the  surface  of  the  flooded  downtown  sec¬ 
tion  of  any  loop  in  the  business  section  of  the  City  is  a  most 
important  consideration  and  a  hard  problem  to  solve  property, 
and  must  be  solved  before  a  detailed  estimate  can  be  made. 

I  heartily  agree  with  the  Author  that  the  City  of  Pittsburgh 
is  in  no  position  to  build  a  subway  and,  thereby,  reduce  its  bor¬ 
rowing  power  at  least  $15  000  000.  If  anyone  questions  this 
statement  let  him  consult  any  of  our  able  citizens  on  the  staff 
of  the  Pittsburgh  Industrial  Development  Commission  and  as¬ 
certain  what  outside  capital,  looking  into  the  inducements  off¬ 
ered  by  Pittsburgh,  thinks  of  our  streets,  our  taxes  and  our 
future  assessments  as  an  encouragement  to  locate  inside  the 
City  limits. 

The  Author:*  Mr.  Swensson’s  written  communication 
seems  to  the  writer  to  be  a  criticism  rather  than  a  discussion  of 
the  writer’s  paper,  and  the  criticisms  may  practically  be  boiled 
down  to  three,  viz: 

First:  That  the  writer  did  not  submit  a  plan  of  and  esti¬ 
mates  of  cost  of  an  economically  designed  subway. 

Second :  That  the  financial  part  of  the  problem  has  been 
overlooked. 

Third:  That  the  paper  dwells  too  much  at  length  on  how 
to  draw  a  partnership  agreement  between  the  City  of  Pittsburgh 
and  a  private  Subway  Company,  which  he  says  is  not  an  Engi¬ 
neering  feature,  and  which  he  seems  to  think  is  a  matter  of 
not  much  interest  to  the  members  of  this  Society. 

In  replying  to  the  first  criticism,  the  author  would  say 
that  in  the  very  beginning  of  his  paper,  he  specifically  stated, 
referring  to  the  engineering  features  of  the  subject:  “It  is  not 
the  intention  to  go  into  the  design  of  the  structural  details,  but 
only  into  such  questions  as  relate  to  location  or  route.”  The 
writer  would  also  say  that  he  does  not  believe  any  engineer 
would  undertake  to  design  in  detail,  the  plans  of  a  subway 
for  Pittsburgh,  or  any  other  city,  until  the  exact  and  final  lo¬ 
cation  of  the  route  and  grades  were  determined,  and  if  he  did  so, 
when  the  location  and  the  route  were  settled,  the  then  Chief 
Engineer  of  the  subway  company  might,  as  he  probably  would, 
make  his  own  designs,  with  the  result  that  the  generous  en- 
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gineer  who  spent  his  own  time  and  money,  might  find  it  a  case 
of  “Love’s  labor  lost.” 

As  to  the  financial  features  of  the  problem,  the  author  has 
stated  that  he  believes  the  City  should  not  and  could  not,  for 
the  reasons  given  in  the  paper,  build  the  subway  on  its  own 
credit.  The  reasons  are  very  fully  given  why  the  writer  thinks 
the  city  could  not  build  the  subway  itself,  and  he  would  call 
attention  to  the  reasons  given  by  Messrs.  Parsons,  Davies  and 
Arnold,  why  it  should  not. 

Mr.  Swensson  says  that  eventually  “The  citizens  using  the 
subway  for  their  transportation  will  ultimately  pay  the  cost 
either  in  fare  or  service.”  He  evidently  overlooks  on  the  other 
hand  how  the  property  owners  along  and  near  the  route  of  the 
subway,  benefit  by  an  increase  in  value  of  their  property,  with  a 
consequently  increased  revenue  from  taxes  in  which  the  entire 
City  derives  a  benefit.  The  suggestion  has  even  been  made  that 
owing  to  the  increased  value  of  property  along  the  subway,  the 
owners  of  the  property  should  be  assessed  special  benefits  by 
reason  of  such  increase  in  values. 

As  to  the  partnership  terms  of  franchise  not  being  a  feat¬ 
ure  of  interest  to  members  of  the  Engineers’  Society,  the  au¬ 
thor’s  reply  is,  that  to  those  members  of  this  Society  who  are 
citizens  of  Pittsburgh,  it  should  possess  a  very  vital  interest, 
and  the  author  believes  that  many  of  the  members  agree  with 
him.  It  was  for  this  reason  that  so  much  of  the  paper  was  tak¬ 
en  up  with  the  consideration  of  this  phase  of  the  problem  in  the 
other  cities  of  the  country  where  subways  have  been  built  are 
or  contemplated,  so  that  a  comparison  could  be  made  of  the 
franchise  terms  in  these  cities  with  the  terms  of  the  “partner¬ 
ship  agreement  ”  formulated  by  the  Council  Committee  and  the 
legal  department  of  the  City. 

Mr.  Swensson  asks  why  the  Society  should  be  ‘  ‘  treated  to  a 
post-mortem  held  on  a  legal  agreement,  even  though  it  is  based 
upon  engineering  features?”  Replying  to  this  question,  the 
author  would  say  that  while  it  may  be  a  “post  mortem”  on 
the  particular  ordinance  considered,  the  subway  question  is 
“not  dead  but  sleeping”  and  is  bound  to  wake  up  in  the  near 
future,  and  the  writer  hopes  that  the  data  which  has  been  given 
in  his  paper  may  be  of  some  assistance  when  the  sleeper  awakes. 
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Mr.  Duff  seems  to  be  of  the  opinion  that  the  ordinance  is 
defective  in  that  it  does  not  specifically  define  the  location  of  a 
terminal  loop.  One  of  the  ordinances  before  Council,  specifi¬ 
cally  located  the  loop,  but  in  the  ordinance  as  finally  passed,  it 
provided  only  that  the  downtown  terminus  should  be  as  far 
west  as  Ferry  Street,  the  question  of  a  loop  being  eliminated 
for  the  reason  that  the  Committee  believed  that  in  the  begin¬ 
ning  of  the  operation  of  the  subway  and  for  some  years  to  come 
the  traffic  would  not  be  large  enough  to  make  a  loop  necessary. 
It  was  also  believed  that  at  the  present  it  would  be  impos¬ 
sible  to  foresee  all  the  contingencies  and  conditions  that  might 
arise  in  the  future,  and  it  was  believed  that  when  the  necessity 
for  a  loop  might  arise,  the  changed  conditions  that  might  ob¬ 
tain  at  the  time  would  better  enable  the  City  to  meet  them 
when  the  subway  company  would  ask  for  the  additional  rights 
necessary  for  a  loop. 

As  to  subways  for  surface  cars,  Mr.  Duff  himself  says: 
“  Cutting  off  all  Fifth  Ave.  and  Forbes  St.  cars  would  not  re¬ 
lieve  the  congestion  very  much.”  The  author,  however,  be¬ 
lieves  that  even  for  such  relief  as  it  might  accomplish,  the  pub¬ 
lic  would  say  “For  this  relief  much  thanks”  but  he  does  not 
believe  that  the  Pittsburgh  Railways  Company  would  go  to 
the  expense  of  building  it,  and  he  further  believes  that  with  a 
subway,  the  reduction  in  the  number  of  surface  cars  on  the 
Forbes  St.  and  Fifth  Ave.  routes,  brought  about  by  the  loss  of 
traffic  due  to  the  subway  would  in  itself  reduce  to  a  large 
extent  the  number  of  surface  cars  on  these  routes. 

The  author  believes  it  not  only  possible  but  probable  that, 
when  the  time  comes,  the  subway  traffic  would  warrant  a  down¬ 
town  loop  and  that  Mr.  Duff’s  suggestion  of  a  double  track  loop, 
one  track  for  subway  trains  and  one  for  surface  cars  could  be 
more  cheaply  built  by  the  Subway  Company  and  the  Railways 
Company  jointly. 

The  suggestion  by  Mr.  Duff  that  the  City  should  build  the 
•downtown  loop  cannot  better  be  answered,  than  by  referring 
to  Mr.  Parsons  reasons  for  a  municipality  not  engaging  in  what 
can  better  be  done  by  private  capital,  as  the  City  can  find  many 
ways  for  spending  its  money  for  other  functions  that  are  and 
must  be  purely  municipal. 
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Mr.  Moore  says  that  real  rapid  transit  cannot  be  had  wit  li¬ 
on  t  a  four  track  subway.  If  conditions  both  as  to  density  of 
population  and  extent  of  built  up  territory,  were  equal  to  those 
in  New  York,  the  writer  might  agree  with  him,  but'  it  will  be 
many  years  before  similar  conditions  will  be  reached  in  Pitts- 
burgh.  When  we  consider  the  time  it  now  takes  the  residents 
of  the  East  End  to  travel  between  their  homes  and  places  of 
business  in  the  present  surface  cars  and  the  crowded  condi¬ 
tion  of  the  cars  during  rush  hours  in  the  morning  and  even¬ 
ing,  and  then  consider  the  saving  of  time  and  increased  com¬ 
fort  that  might  be  had  with  a  two  track  subway,  the  author 
believes  the  public  would  welcome  even  a  two  track  subway. 

If,  as  some  people  say,  it  is  doubtful  whether  even 
a  two-track  subway  would  pay  at  the  outset,  how  many  years 
would  the  East  End  people  have  to  bear  the  discomforts  and 
loss  of  time  they  now  suffer  if  they  have  to  wait  until  the  con¬ 
ditions  warrant  a  four  track  subway?  The  author  ventures  to 
assert  that  it  would  be  some  time  in  the  next  century  before 
the  natural  growth  of  the  City  would  warrant  the  building  of  a 
subway  with  four  tracks,  and  that  the  construction  of  a  two 
track  subway  might  produce  in  say  half  the  time,  the  density 
of  the  population  that  would  warrant  the  widening  of  the 
subway  for  two  additional  tracks. 

Mr.  Moore  has  suggested  an  elevated  concrete  viaduct  along 
Liberty  Ave.  extending  east  as  far  as  the  33rd  St.  railway  cross¬ 
ing,  on  the  southerly  side  of  the  avenue  and  says  “One  side 
of  the  street  for  more  than  three-fourths  of  the  distance  to  33rd 
St.  would  not  be  available  to  property  owners  for  damage  suits 
against  the  City.”  Air.  Moore  is  evidently  not  familiar  with 
a  recent  decision  of  the  Court  in  a  suit  brought  against  the  City 
by  the  property  owners  on  the  north  side  of  Isabella  St.  be¬ 
tween  Sandusky  and  Anderson  Sts.,  opposite  the  Pittsburgh  & 
Western  Railway  Station.  The  decision  of  the  Court  was  in 
effect,  that  the  property  owners  on  a  street  were  entitled  to  a 
free  and  unrestricted  use  of  not  only  their  own  side,  hut  both 
sides  of  the  street.  This  decision  would  be  a  very  effectual 
bar  to  his  suggested  scheme. 

Mr.  Harvey’s  suggestion  that  through  routes  for  the  sur¬ 
face  cars  would  relieve  the  congestion  on  the  downtown  streets 
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is  true  to  a  certain  extent,  for  the  reason  that  it  would  eliminate 
the  crossings  of  the  different  loops,  but  not  for  the  reason  he 
gives  when  he  says:  “A  trip  from  terminus  to  terminus  would 
then  be  the  equivalent  of  the  present  round  trip,  and  would 
be  accomplished  with  one  trip  through  the  congested  district 
instead  of  two  as  at  present.”  The  writer  thinks  Mr.  Harvey 
must  have  made  the  statement  without  due  thought,  for  with 
the  same  number  of  cars  as  at  present,  the  number  of  cars 
through  the  congested  district  is  exactly  the  same  whether  they 
all  run  through,  or  loop  back.  This  can  be  easily  understood, 
for  it  makes  no  difference  whether  a  car  from  the  East  End 
runs  around  a  loop  in  the  down-town  district  and  goes  back  to 
the  East  End,  or  runs  through,  say  to  Bellevue,  and  Bellevue 
car  runs  through  to  the  East  End  instead  of  the  East  End  car 
doubling  back;  while  in  either  case,  the  time  of  loading  and 
unloading  the  cars  in  the  down-town  district  is  the  same,  so  that 
practically  the  only  saving  of  time  is  that  of  the  delays  now 
caused  by  the  cars  on  one  loop  crossing  another  loop  and  hold¬ 
ing  up  the  cars  on  the  second  loop. 

Mr.  Harvey  says  further:  “The  author  has  given  scant 
consideration  to  the  qustions  of  municipal  ownership  and  oper¬ 
ation  of  a  subway.”  A  careful  perusal  of  the  paper  will  show' 
that  municipal  ownership  in  Pittsburgh  is  practically  impos¬ 
sible  owing  to  the  limited  powers  of  City  for  raising  the  neces¬ 
sary  funds,  and  even  if  it  were  possible,  it  would  result  in  the 
City  not  being  able  to  secure  the  money  required  for  other  ab¬ 
solutely  necessary  purposes  which  will  no  doubt  be  required  in: 
the  future,  such  as  sewage  disposal  works,  etc.  As  to  muni¬ 
cipal  operation,  the  author  is  personally  opposed  to  it,  as  it 
would  add  to  the  payroll  which  may  be  used  for  political  pur¬ 
poses.  It  will  be  remembered  that  some  years  ago  the  manager 
of  the  Glasgow,  Scotland,  tramways,  which  are  municipally 
operated,  made  a  report  to  the  Chicago  City  authorities  on  their 
street  railway  system  and  was  emphatic  in  his  opinion,  that 
owing  to  political  conditions  in  this  country,  municipal  opera¬ 
tion  should  not  be  considered. 

As  to  the  subway  being  operated  at  a  profit  to  private  own¬ 
ers,  the  author  does  not  hesitate  to  say  that  his  personal  opin¬ 
ion  on  that  point  is,  that  even  if  it  produced  no  profit,  for  the 
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first  few  years,  it  would  be  only  a  question  of  a  comparatively 
short  time  before  it  would  be  on  a  paying  basis,  owing  to  the 
building  up  of  the  territory  tributary  to  it. 

Replying  to  Mr.  Reed’s  discussion  of  the  paper,  the  author 
would  say  that  he  thinks  the  paper  shows  that  the  East  End 
route  for  a  subway  is  the  only  one  that  would  ever  pay  either 
public  or  private  ownership. 

As  to  the  City  obtaining  the  legislation  necessary  for  a 
municipality  owned  subway  so  as  to  secure  better  terms  from  a 
private  company,  might  it  not,  as  the  author  has  said  in  his 
paper,  result  in  such  terms  that  it  would  make  it  more  difficult 
for  the  Company  to  give  good  service,  so  that  the  public  would 
suffer  in  the  end,  and  would  it  not  be  better  policy  so  far  as 
service  is  concerned,  to  follow  the  advice  of  such  eminent  au¬ 
thorities  as  Messrs.  Parsons  and  Davies. 

As  to  relief  by  the  improvement  of  the  surface  lines,  the 
author  would  say  that  he  can  see  very  little  improvement  pos¬ 
sible  as  long  as  the  present  system  of  downtown  intersecting 
loops  are  maintained.  The  author  believes  that  a  new  sys¬ 
tem  of  loops  could  be  devised  without  any  loop  crossing  an¬ 
other,  with  a  belt  line  running  from  the  Lake  Erie  Station,  and 
passing  the  B.  &  0.  Station,  the  Union  Station,  the  Pittsburgh 
&  Western  Station,  the  Allegheny  Market  and  the  Fort  Wayne 
Station  in  Allegheny,  with  cars  running  in  opposite  direction 
on  this  belt  line,  and  transfers  from  all  cars  running  over  the 
main  loops. 

As  to  obtaining  any  relief  from  the  Pennsylvania  Railroad, 
the  author  would  state  that  the  late  James  McCrea,  President 
of  the  P.  R.  R.  stated  to  two  of  the  City  Councilmen  that  this 
road  would  welcome  a  subway  with  a  station  near  their  East 
Liberty  Station,  for  the  reason  that  it  would  relieve  them  of  a 
large  amount  of  their  local  traffic. 

As  to  an  investigation  for  a  comprehensive  system  of  sub¬ 
ways  the  author  believes  he  has  proved  in  his  paper,  and  his 
belief  is  concurred  in  by  several  engineers  who  have  studied 
the  problem,  that  the  problem  is  narrowed  down  to  a  subway 
to  the  East  End  only.  As  to  an  elevated  road,  there  was  a 
charter  obtained  a  few  years  ago,  and  at  a  public  meeting  held 
at  the  rooms  of  the  Chamber  of  Commerce,  there  was  so  much 
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opposition  developed,  that  the  promoters  dropped  the  project 
entirely,  and  the  author  believes  the  same  thing  would  happen 
if  the  project  was  renewed. 

As  to  surface  line  feeders  to  a  subway,  the  author  believes 
that  with  a  subway  built  to  the  East  End,  it  would  only  be  a 
question  of  time  before  there  would  be  transfer  arrangements 
between  the  Subway  Company  and  the  Pittsburgh  Railways 
Company  which  would  be  of  mutual  benefit  to  both  companies, 
as  well  as  of  benefit  to  the  public. 


PURCHASING  SPECIFICATIONS 


A  DISCUSSION 


Mr.  T.  D.  Lynch  :*  There  are  three  important  questions 
that  present  themselves  to  us  in  connection  with  the  subject  of 
specifications  on  which  to  purchase  material.  First:  What  are 
they?  Second:  Why  are  they  needed?  Third :  How  are  they 
prepared  and  used? 

In  answer  to  the  first  question,  we  cannot  overlook  the  fact 
that  there  are  specifications  and  specifications;  but  a  good  pur¬ 
chasing  specification  is  such  a  definition  or  description  of  a 
given  material,  together  with  a  provision  for  such  tests  and 
inspection,  as  will  insure  for  the  purchaser  a  definite  perform¬ 
ance  that  may  reasonably  be  expected  of  the  material  represent¬ 
ed.  By  a  definition  we  mean  sucli  a  description  of  the  material 
as  will  include  all  of  the  kind  and  exclude  all  not  of  the  kind. 

This  would  be  an  ideal  specification,  but  such  a  degree  of 
perfection  is  not  easy  to  attain  and  this  mark  of  excellence  is 
often  missed.  It  may  be  of  interest  at  this  point  to  describe 
more  or  less  in  detail  the  three  classes  which  have  been  evolved 
by  the  Westinghouse  Electric  &  Manufacturing  Company  on 
which  to  purchase  material. 

These  classes  are :  First :  M  Numbers.  Second :  Limited 
specifications.  Third :  Complete  specifications.  These  may  read¬ 
ily  include  every  material  used  and  some  such  designations 
have  been  found  to  be  essential  for  the  proper  identification  of 
all  materials  entering  into  finished  apparatus.  This  classification 
has  been  developed  and  adopted  after  many  years  of  experience 
and  in  connection  with  the  preparation  of  over  700  material 
numbers  and  specifications.  Over  80  percent  of  these  are  now 
in  force,  although  nearly  all  of  them  have  been  revised  one  or 
more  times. 

M  Numbers :  A  material  number,  or  I/.  No.,  is  the  simplest 
class  used  in  designing  a  material  and  therefore,  often  the 
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first  step  in  the  production  of  a  complete  specification.  The 
M  No.  is  incomplete,  but  is  used  to  represent  material  having 
more  or  less  well  known  characteristics  such  as  may  be  de¬ 
termined  by  trade  mark,  brand,  sample,  previous  order,  or  per¬ 
haps  it  may  include  such  materials  as  are  under  investigation 
and  later  to  be  changed  to  a  limited  or  complete  specification. 
All  resultant  specifications  when  written  and  approved  retain 
the  same  numeral  as  the  M  No.  preceded  by  the  initials  P.D.S. 
and  followed  by  a  sub-letter  A,  B,  etc.  to  indicate  the  current 
revision.  M  Nos.  are  for  the  guidance  of  engineers  in  their 
design,  and  the  Purchasing  Agent  in  placing  orders,  but  are 
not  to  be  sent  out  with  orders  nor  do  they  form  a  part  of  the 
contract  while  both  limited  and  complete  specifications  accom¬ 
pany  the  order  and  form  a  part  of  it.  The  M  No.  is  issued  on 
4  by  6  inch  card  with  seven  main  headings  as  follows : 

Materials  (Name  of  material.) 

Material  No.:  (Numeral) 

Furnished  By:  (a)  (Name  of  one  or  more 

(b)  Companies  who  have  been  approved 

(c)  for  material  in  question). 

Manufacturers  Names:  (a)  (Trade  name  of  other 

(b)  designation  of  manufacturer 

(c)  a,  b  or  c.) 

Characteristics :  (A  brief  statement  of  all  the  leading  char¬ 
acteristics  is  given.) 

Application:  (The  application  for  which  the  material  is 

suited. ) 

To  Be  Specified  As:  (Give  a  typical  explanation  of  how 

to  specifiy  on  drawings  or  on  order.) 

Limited  Specification :  A  limited  specification  is  also  in¬ 
complete  and  is  one  under  which  material  may  be  purchased 
only  from  approved  manufacturers.  It  does  not  give  sufficient 
information  to  fullv  describe  the  material  desired,  but  must  be 
supplemented  by  samples  and  special  tests,  or,  as  is  often  the 
case,  by  experiments  and  long  continued  co-operation  with  the 
manufacturer.  By  “approved  manufacturer”  is  meant  any 
manufacturer  having  been  approved  by  the  Materials  Com¬ 
mittee.  This  Committee  is  composed  of  one  representative  each 
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from  the  Purchasing  Department,  Works  Department  and  En¬ 
gineering  Department;  it  approves  only  those  manufacturers 
known  to  have  furnished  suitable  material  either  as  sample,  or 
on  regular  order  after  co-operative  work  in  developing  a  ma¬ 
terial  or  applying  it  to  some  special  need.  Such  specifications 
serve  a  useful  purpose  and  may  be  simply  descriptive  or  they 
may  be  fairly  complete  yet  having  special  features  that  are 
difficult  to  specifiy.  It  may  be  a  new  material  in  a  given 
service,  or  a  well  known  material  having  a  new  application. 
The  following  will  serve  to  illustrate  specifications  of  this  type. 

SPECIFICATION  FOR  FREE  CUTTING  STEEL  ROD 

1 —  This  specification  covers  free  cutting  steel  rod  having  a  diameter 
of  0.200  inch  or  less.  It  must  be  hard  drawn,  accurate  to  size  and  free 
cutting,  so  that  it  can  be  machined  readily  by  milling,  turning,  threading, 
etc.,  at  high  speed  and  leave  a  good  clean  surface. 

2 —  Samples  shall  be  tested  and  approved  for  properties  not  mentioned 
in  this  specification  before  orders  are  placed  for  any  new  material. 

I— DIMENSIONS 

3 —  (a)  The  diameter  shall  not  be  less  than  that  specified  nor  more  than 
1%  over  this  size. 

(b)  The  length  will  be  specified  in  the  order. 

II— FINISH 

4 —  All  rods  shall  be  cold  drawn  so  as  to  leave  a  bright  smooth  surface. 

•  III— PACKING  AND  MARKING 

5 —  All  rods  shall  be  packed  in  boxes  containing  not  more  than  50  pounds. 

6 —  The  order  number,  specification  number  and  manufacturer’s  identi¬ 
fication  mark  shall  be  plainly  marked  on  each  box. 

IV— REJECTION 

7 —  The  purchaser  reserves  the  right  to  reject  any  portion  or  all  of 
the  material  which  does  not  conform  to  the  above  specification  in  every 
particular,  and  to  return  the  rejected  material  to  the  manufacturer  or 
seller  for  full  credit  at  charged  f.  o.  b.  point  of  delivery  specified  by  the 
purchaser.  If  the  material  is  to  be  replaced,  a  new  order  will  be  entered 
at  prices,  terms  and  conditions  acceptable  to  the  purchaser. 

Complete  Specifications:  A  complete  specification  is  one 
under  which  material  may  be  bought  from  any  source  of  supply 
with  the  assurance  that  the  provisions  of  the  specification  will 
safeguard  the  interests  of  the  purchaser. 

Such  a  specification  provides  for  definite  requirements  as 
well  as  rejection  privileges.  They  give  the  permissible  variation 
in  dimensions,  composition,  physical  properties,  etc.  from  the 
dimensions  and  quality  designated,  and  to  be  operative  must 
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be  commercial.  The  following  will  serve  to  illustrate  a  speci¬ 
fication  of  this  type. 

A  SPECIFICATION  FOR  COLD  DRAWN  STEEL 
(AUTOMATIC  SCREW  STOCK) 

1 —  The  material  desired  under  this  specification  is  a  free  cutting  steel 
of  any  specified  section,  suitable  for  high  speed  screw  machine  work,  leav¬ 
ing  a  smooth  finish  after  being  machined. 

I— MANUFACTURE 

2 —  The  steel  shall  be  made  by  the  bessemer  process. 

II— CHEMICAL  PROPERTIES 

3 —  The  chemical  analysis  shall  be  as  follows: 

Carbon,  0.08%  to  0.16%. 

Manganese,  0.60%  to  0.80%. 

Phosphorus,  about  0.10%  not  more  than  0.13%. 

Sulphur,  0.09%  to  0.15%. 

4 —  Samples  for  analysis  shall  be  taken  in  such  a  way  as  to  represent  the 
average  of  a  full  section  of  one  or  more  bars. 

Ill— DIMENSIONS 

5 —  The  variation  from  the  specified  diameter  or  distance  between  par¬ 
allel  faces  shall  not  exceed  the  following  limits: 

Over  Size 

Up  to  V2  in.  0.001  in. 

y2  to  1  Vi  in.  0.001  in. 

lx/4  to  3  in.  0.001  in. 

6 —  Ordinarily  the  material  will  be  ordered  in  10  foot  lengths,  with 
allowable  variations  as  follows: 

At  least  70%  shall  be  10  feet  long,  30%  may  be  ’furnished  in 

shorter  lengths,  but  no  rod  shall  be  less  than  8  feet  long. 

IV— FINISH 

7 —  All  rods  shall  be  cold  drawn,  so  as  to  leave  a  bright,  smooth  surface. 

8 —  The  rods  shall  be  free  from  injurious  defects,  such  as  cracks,  rough 
surfaces,  seams,  etc.,  and  shall  be  straight  and  true  to  section.  No  crop 
ends  will  be  accepted. 

V— PACKING  AND  MARKING 

9 —  Rods  up  to  %  inch  diameter,  inclusive,  or  other  sections  up  to  the 
same  cross-sectional  area  (.307  square  inch)  shall  be  shipped  in  bundles 
weighing  not  more  than  125  pounds  each. 

VI  — REJECTION 

10 —  The  purchaser  reserves  the  right  to  reject  any  portion  or  all  of 
the  material  which  does  not  conform  to  the  above  specification  in  every 
particular,  and  to  return  the  rejected  material  to  the  manufacturer  or  seller 
for  full  credit  at  price  charged  f.  o.  b.  point  of  delivery  specified  by  the 
purchaser.  If  the  material  is  to  be  replaced,  a  new  order  will  be  entered 
at  prices,  terms  and  conditions  acceptable  to  the  purchaser. 

In  answer  to  the  second  main  question,  “Why  are  purchas¬ 
ing  specifications  needed,”  a  few  facts  may  suffice. 

They  are  needed  as  a  source  of  quick  reference  for  engi- 
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neers  or  others  seeking  information  concerning  the  qualities 
that  may  be  expected  of  a  material  to  serve  a  given  purpose. 

They  are  needed  because  an  engineer,  to  design  wisely  and 
economically,  must  have  definite,  concise  and  accurate  infor¬ 
mation  covering  the  physical  properties  and  other  character¬ 
istics,  limitations,  etc.  of  all  those  materials  to  be  incorporated 
in  the  design. 

They  are  needed  as  an  instrument  in  the  placing  of  orders 
so  that  accurate  and  complete  information  may  accompany  re¬ 
quests  for  material. 

They  are  needed  by  the  manufacturer  who  makes  the  ma- 
terial  to  guide  him  in  the  requirements  that  must  be  met. 

They  are  needed  by  the  inspector  in  making  his  tests  and 
inspection  to  verify  the  qualities  ordered. 

They  are  needed  by  the  manufacturer  who  fabricates  the 
material  into  finished  apparatus  so  that  he  may  know  the 
qualities  that  affect  him  in  forming,  treating,  machining,  etc. 

Thus  we  have  enumerated  enough  to  show  sufficient  reasons 
for  the  existence  of  purchasing  specifications. 

Last,  but  not  least,  comes  the  third  question,  “How  are 
they  prepared  and  used  ? '  ’ 

The  keynote  to  the  success  of  a  purchasing  specification  is 
that  all  parties  whose  interests  are  affected  by  a  specification 
should  have  a  voice  in  its  preparation,  so  that  each  may  justly 
feel  that  the  specification  is  a  part  of  his  own  creation. 

A  plan  found  to  be  efficient  is  for  the  writer  of  the  speci¬ 
fication  to  accumulate  all  possible  information  from  records, 
tests,  conferences,  investigations,  personal  visits  to  manufactur¬ 
ing  plants  co-operating  freely  and  fully  with  those  interested, 
including  both  producer  and  consumer. 

In  some  cases  all  needed  data  is  obtained  within  a  very 
short  space  of  time  while  again  even  after  years  of  research 
complete  data  can  not  be  had.  Information  once  at  hand  the 
specification  is  written,  and  sent  to  the  engineers  interested  and 
to  others  for  approval  or  criticism.  Later  it  is  sent  to  the 
Purchasing  Agent  who  forwards  it  to  the  manufacturers  inter¬ 
ested  for  their  comments  or  approval,  and  finally  to  the  Ma¬ 
terials  Committee  for  final  approval.  The  aim  in  all  purchasing 
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specifications  is  two-fold:  First,  to  obtain  a  given  performance, 
and,  second,  to  get  a  material  that  is  commercial. 

Performance  is  essential,  rather  than  composition  or  method 
of  manufacture,  therefore,  the  final  results  in  the  use  of  material 
must  be  sought. 

The  commercial  side  must  be  considered  because  if  special 
or  non-commercial  materials  are  demanded  there  will  be  diffi¬ 
culties  as  to  delivery,  quality  and  cost. 

All  specifications  to  be  efficient  must  be  kept  up  to  date  by 
constant  revision.  This  is  done  by  research  engineers  co-oper¬ 
ating,  as  in  the  original  writing  of  the  specification. 

The  sub-letter  following  a  specification  number  indicates 
the  revision  to  which  the  specification  has  been  subjected.  The 
numeral  alone  is  used  on  drawings,  so  that  drawings  do  not 
require  changing  each  time  the  specification  is  revised.  The 
Storekeeper  and  Purchasing  Agent  are  severally  and  collect¬ 
ively  responsible  for  the  use  of  the  latest  revision  as  indicated 
by  sub-letter. 

Specifications  once  completed  in  their  latest  revised  form 
are  placed  in  the  purchasing  and  storekeeping  departments  for 
use  when  ordering  material,  and  in  the  inspection  department 
for  use  in  the  inspection  of  the  material  before  it  is  placed  in 
stock. 

Cards  known  as  “ material  cards”  are  prepared  giving  a 
brief  synopsis  of  the  several  specifications  and  are  placed  in 
the  reference  file  of  each  engineering  division,  each  drawing 
office,  the  inspection  and  storekeeping  departments,  superin¬ 
tendent’s  office,  and  purchasing  department,  for  quick  reference 
and  constant  use. 

The  main  thought  in  preparing  purchasing  specifications  is 
to  make  them  complete  and  we  are  continually  working  with 
this  object  in  view,  but  the  M.  No.  and  incomplete  classes  are 
very  important  in  their  several  materials  covered. 

A  complete  specification  properly  enforced  seldom  brings 
other  than  a  good  material  while  there  is  more  or  less  diffi¬ 
culty  experienced  with  the  material  bought  on  M.  numbers  and 
incomplete  specifications. 

All  such  troubles  must  be  studied  and  guarded  against  for 
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future  orders  and  thus  gradually  eliminate  deficiencies  and  re¬ 
enforce  such  weak  points  as  give  trouble. 

A  purchasing  specification  to  be  efficient  must,  therefore, 
include  such  information  as  is  needed  by  the  purchasing  agent 
in  the  placing  of  orders  for  material ;  the  producer  in  the  manu¬ 
facture  of  his  material;  the  inspector  in  the  inspection  of  the 
material  at  the  place  of  manufacture  or  upon  its  receipt  at 
destination;  the  engineer  in  the  design  of  the  apparatus  and 
the  works  department  in  the  fabrication  of  the  material  into 
finished  apparatus. 

A  purchasing  specification  should  contain  the  fewest  pos¬ 
sible  restrictions  consistent  with  the  assurance  of  obtaining  the 
material  desired.  It  should  include  a  description  of  quality, 
dimensions,  marking,  sampling,  testing,  inspecting  and  rejec¬ 
tion  privileges. 

In  design  the  engineer  and  draftsman  consult  both  the 
materials  cards  and  the  index  cards  showing  the  sizes  carried 
in  stock  in  order  to  determine  what  material  is  available  for 
the  design  in  question. 

Drawings  and  stock  orders  are  marked  with  the  P.  D.  Spec. 
No.  or  M.  No.  required.  The  storekeeper  and  purchasing  de¬ 
partment  place  their  orders  accordingly.  Material  other  than 
steel  is  usually  inspected  and  tested  upon  its  receipt  at  destina¬ 
tion  to  determine  whether  or  not  it  meets  the  requirements  of 
the  specification.  Defective  meterial  is  returned  for  credit. 

The  direct  results  obtained  form  the  use  of  the  purchasing 
specifications  are  many,  some  of  which  may  be  of  interest : 

Different  manufacturers  bid  on  a  definite  article,  hence 
true  competition  results. 

They  protect  the  honest  dealers,  or  manufacturers,  from 
unfair  competition. 

They  protect  the  purchaser  against  an  inferior  product 
at  the  price  of  a  better  one,  or  the  use  of  an  inferior  material 
to  hazard  a  finished  machine. 

Mr.  J.  0.  Li^ch  :#  The  American  Society  for  Testing  Ma¬ 
terials  was  organized  as  the  American  Section  of  the  Inter¬ 
national  Association  for  Testing  Materials,  June  16,  1898,  and 

•Inspection  Department,  Carnegie  Steel  Company,  Carnegie  Building, 
Pittsburgh. 
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was  incorporated  under  its  present  name  in  1902.  The  work 
of  the  technical  committees  of  the  International  Association 
has  been  always  principally  along  investigative  lines;  studying 
and  drawing  up  methods  of  testing  and  unifying  these  for  var¬ 
ious  classes  of  materials;  investigations  of  the  influence  of  prop¬ 
erties  on  the  quality  of  given  materials  and  their  behavior  under- 
varying  conditions;  and  the  fixing  of  uniform  definitions  and 
nomenclature.  The  preparation  of  standard  specifications  cov¬ 
ering  the  purchase  requirements  and  inspection  of  materials, 
seems  to  be  regarded  of  secondary  importance.  The  American 
Society  on  the  other  hand  has  devoted  a  large  portion  of  its 
efforts,  in  fact,  in  its  early  existence,  most  of  its  efforts,  to 
establishing  standard  specifications. 

The  value  of  this  work  to  the  consumer  and  producer  alike 
cannot  be  overestimated.  Such  standards  broaden  competition, 
facilitate  and  influence  the  making  of  quotations,  and  they  have 
a  beneficial  effect  on  the  quality  and  on  shipments.  A  notable 
example  is  the  Society's  standard  specifications  for  cement. 
Of  the  present  active  technical  committees  of  the  Society  sixteen 
are  working  on  specifications  covering  steel,  iron  and  non-fer¬ 
rous  metal  products,  cement  and  clay  products  (such  as  sewer 
pipe  and  drain  tile),  rubber  products,  brick,  cement,  lime,  coal, 
coke  and  timber;  six  are  working  on  unifying  methods  of  physi¬ 
cal  and  chemical  testing;  seven  are  investigating  special  sub¬ 
jects,  such  as  heat  treatment  of  steel,  tempering  of  springs, 
corrosion,  preservative  coatings,  and  the  properties  of  reinforced 
concrete  and  fireproofing  and  waterproofing  materials. 

A  significant  principle  of  the  American  Society  is  its  aim 
to  cooperate  with  committees  of  other  societies  who  are  work¬ 
ing  on  similar  subjects.  A  great  deal  of  consideration  has  been 
given  to  the  recommendation  of  the  Master  Car  Builders’  As¬ 
sociation  by  the  Sub-Committee  on  Wheels.  Committee  Cl  on 
cement  specifications  has  been  working  very  closely  with  the 
American  Society  of  Civil  Engineers.  Sub-Committee  X  on  steel 
tubing  consulted  with  the  American  Railway  Master  Mechanics 
Association,  and  the  specifications  for  steel  castings  adopted  last 
year  had  the  hearty  approval  of  the  American  Foundrymen’s 
Association. 

The  first  important  step  taken  in  this  country  towards  the- 
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standardization  of  specifications  for  steel  products  was  by  tin* 
Association  of  American  Steel  Manufacturers  in  18!).).  when 
standards  were  issued  for  structural  steel  for  bridges,  buildings 
and  ships,  boiler  plate  and  boiler  rivet  steel,  and  structural 
cast  iron.  Almost  the  first  work  done  by  the  American  Society 
was  the  proposal  in  1900  and  adoption  in  1901  of  specifications 
for  structural  steel  for  bridges,  buildings,  ships,  boiler  plate 
and  rivet  steel,  rails,  splice  bars,  axles,  tires,  forgings,  steel 
castings,  and  wrought  iron.  As  a  working  basis,  a  compilation 
was  made  of  all  the  available  existing  specifications  for  each 
class  of  material.  It  was  found  that  the  standards  adopted 
by  the  steel  manufacturers  for  bridges,  buildings,  ships,  and 
boiler  steel  had  expressed  the  average  requirements  ot*  the  rail¬ 
roads  and  other  steel  users,  and  their  specifications  were  closely 
followed  for  these  products.  At  this  time  there  were  practi¬ 
cally  no  American  specifications  for  tires  and  the  first  Society 
specifications  were  based  upon  the  requirements  of  European 
railroads.  No  new  specifications  were  issued  until  1909,  when 
requirements  for  open  hearth  rails  were  established  to  pro¬ 
vide  for  the  extensive  increas  in  the  manufacture  of  this  class 
of  material.  Meanwhile  Committee  A1  had  not  been  idle.  They 
had  given  a  great  deal  of  careful  consideration  to  the  revision 
of  several  of  their  original  specifications.  At  the  annual  meet¬ 
ing  in  1902  the  desirability  of  specifying  a  single  grade  of 
structural  steel  for  bridges  for  ordinary  spans  instead  of  speci¬ 
fying  two  grades  that  overlapped  in  tensile  requirements,  was 
discussed  by  such  engineers  as  A.  P.  Boiler,  T.  L.  Condron. 
Theo.  Cooper,  J.  E.  Greiner,  John  McLeod,  C.  C.  Schneider, 
and  J.  P.  Snow,  and  when  the  American  Railway  Engineering 
&  Maintenance  of  Way  Association  adopted  such  a  specification 
in  1903,  the  American  Society  promptly  revised  their  specifi¬ 
cation  for  bridges  in  exact  accordance  with  it. 

In  the  rapid  advance  in  the  use  of  reinforced  concrete  con- 

» 

struction  many  types  of  deformed  bars  for  the  reinforcement 
were  developed.  The  writers  of  specifications  for  these  bars 
in  most  cases  did  not  appreciate  their  limitations  as  to  physical 
properties.  The  manufacturers  endeavored  to  clear  up  the 
situation  by  making  a  comprehensive  series  of  tests  of  different 
style  bars,  and  upon  these  experiments,  together  with  the  prin- 
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cipal  requirements  of  the  various  prominent  designers,  a  reason¬ 
able  standard  specification  was  evolved.  This  specification  was 
later  used  by  the  Sub- Committee  on  Concrete  Reinforcement 
Bars  of  the  American  Society,  and  after  consideration  by  the 
consuming  interests  was  adopted  with  a  slight  modification. 
When  the  Rail  Steel  Bar  Manufacturers  Association  recommend¬ 
ed  to  the  Society  in  1912  that  consideration  be  given  to  the 
adoption  of  the  specification  covering  bars  for  concrete  rein¬ 
forcement  rolled  from  their  product,  it  was  felt  that  on  ac¬ 
count  of  the  unusual  conditions  involved  an  investigation  should 
be  made  by  an  unattached  expert  and  data  obtained  upon  which 
to  base  a  specification.  Under  the  regulations  of  the  Society 
committees  engaged  on  subjects  having  a  commercial  bearing 
may  solicit  contributions  through  the  executive  committee  from 
manufacturers  towards  research  funds.  This  was  done  in  the 
case  of  the  rail  steel  reinforcement  bar  specifications.  Pro¬ 
fessor  W.  K.  Hatt,  who  was  retained  by  the  Sub-Committee,  has 
made  a  very  comprehensive  investigation  of  the  manufacture 
of  such  material  and  from  this  investigation  a  specification  has 
been  prepared  wThich  will  be  presented  to  the  Society  this  year. 

Last  year  a  committee  on  “rules  governing  the  form  but 
not  the  substance  of  specifications’*  was  organized  and  the  mem¬ 
bership  consists  of  the  chairmen  of  the  other  technical  com¬ 
mittees.  A  sub-committee  of  which  the  speaker  is  a  member 
was  appointed  to  consider  the  standardization  of  the  form  of 
all  steel  specifications.  Though  I  have  been  ^working  with 
specifications  for  a  number  of  years  I  did  not  realize  until  I 
began  work  on  this  committee  and  gave  the  subject  special  at¬ 
tention  that  there  was  so  much  ambiguity  and  so  many  incon¬ 
sistencies  in  many  of  the  Society’s  specifications.  Much  of  this 
has  now  been  eliminated  and  the  efforts  of  this  committee  will 
greatly  facilitate  the  work  of  future  specification  builders  by 
preventing  conflicting  requirements  for  a  given  class  of  ma¬ 
terial.  An  endeavor  has  been  made  to  write  standard  sec¬ 
tions  wherever  possible  that  will  serve  for  all  specifications  or 
at  least  all  specifications  for  a  given  class  of  material,  and  to 
so  write  others  that  they  can  be  modified  slightly  to  cover  special 
cases.  Some  of  the  sections  that  have  been  standardized  are 
those  describing  how  the  material  shall  be  analyzed,  methods  of 
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selecting  test  specimens,  “Finish  and  'Workmanship,'  ‘‘Mark¬ 
ing’,,  and  “Inspection.”  All  obsolete  clauses  have  been  dropped. 
As  an  example,  the  sentence  specifying  that  bending  tests  may 
be  made  by  pressure  or  by  blows  was  inserted  some  years  ago 
through  a  controversy  between  certain  inspectors  and  manu¬ 
facturers  because  the  latter  were  using  presses  for  bend  tests. 
Now,  however,  no  question  is  raised  as  some  manufacturers  are 
equipped  to  make  bends  with  presses,  while  others  make  them 
under  the  hammer,  and  in  other  cases  they  may  be  made  both 
ways  by  the  same  company.  As  this  sentence  did  not  appear  in 
all  of  the  specifications,  it  was  thought  to  be  unnecessary  in  any. 

Mr.  J.  J.  Shuman  :*  The  writing  of  specifications  has 
itself,  it  seems  to  me,  become  quite  an  industry.  All  the  large 
steel  companies  maintain  a  force  of  men  almost  constantly  on 
the  study  of  specifications  and  the  correspondence  relating 
thereto.  Much  of  the  time  of  these  men  and  considerable  of 
their  employers’  money  are  spent  on  specification  work  in  the 
technical  societies. 

I  mentioned  this  to  a  steel  man  recently  and  he  said  it  is 
all  wrong.  He  said  the  steel  manufacturers  are  very  foolish. 
They  know  to  do  it  better  in  Europe.  There  the  manufac¬ 
turers  tell  the  consumers  “Make  your  specifications  and  submit 
them  and  we  will  tell  you  whether  we  will  make  your  material 
or  not.”  He  claims  that  it  works  well  in  Europe,  and  why 
shouldn’t  it  in  America?  I  know  there  was  an  error  in  his 
logic  somewhere,  yet  he  set  me  to  wondering  if  the  industry 
of  writing  specifications  is  not  a  little  overdone  at  the  present 
time.  Ten  or  twelve  years  ago  there  were  so  few  specifications 
that  it  was  no  trouble  at  all  for  a  clerk  in  the  order  department, 
or  testing  department,  to  pass  judgment  on  all  the  specifications 
that  came  to  his  company.  Gradually  many  people  have  taken 
a  hand  in  it,  and  I  might  say  have  taken  scissors  to  it;  new 
products  have  been  put  out,  which  means  additional  specifica¬ 
tions. 

Any  one  will  acknowledge  that  there  are  too  many  specifica¬ 
tions  in  the  mills  of  the  manufacturers  today.  They  are  asked 
to  consider  too  many  individual  notions.  I  have  great  hopes 

•Inspection  Engineer,  Jones  &  Laughlin  Steel  Co.,  Pittsburgh. 
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that  within  a  few  years  this  thing  of  writing  specifications  will 
have  crystallized,  so  that  we  shall  recognize  certain  ideas  as 
being  standard  in  specification  writing. 

From  a  good  many  years’  study  it  is  borne  in  on  me  that 
there  are  a  comparatively  small  number  of  engineers  who  are 
insisting  upon  100  percent  in  anything.  It  is  a  mistake  to  look 
at  a  series  of  experimental  tests  and  insist  upon  material  coming 
up  to  the  highest  standard  that  has  been  developed  in  that 
series  of  tests.  Also  it  is  a  mistake  to  set  such  a  standard  as 
will  cause  a  serious  number  of  rejections  in  the  selection  of 
material  at  the  works.  I  believe  the  uses  of  specifications  may 
be  chiefly  classified  in  twofold  way :  First,  to  set  a  standard 
of  manufacturing  and  inspection:  and  second,  to  set  standards 
of  testing  or  inspection  which  will  detect  the  spurious  or  unfit. 

The  first  is  perhaps  the  most  difficult  for  the  engineer  in 
writing  his  specifications.  The  material  in  hand  may  be  a  rather 
new  one,  the  data  may  be  small,  so  that  it  is  a  matter  of  opinion 
us  to  what  standards  should  be  set.  It  is  largely  here  that  the 
value  of  technical  societies  comes  in.  They  enable  the  engineer 
to  go  and  get  ideas,  not  only  on  the  floor  of  the  meeting,  but 
from  the  literature  and  from  association  with  men  who  have 
the  information  he  needs.  If  he  is  a  man  of  discernment  he 
will  take  to  heart  what  the  manufacturers  have  to  say  of  the 
•difficulties  that  lie  in  the  manufacturing  operations,  and  he 
will  lower  this  standerd  just  a  little  so  as  to  make  it  easier  for 
the  manufacturer  to  make  that  article,  and  in  doing  so  he  will 
•enable  his  purchasing  agent  to  appeal  to  a  much  larger  number 
of  manufacturers. 

The  second  idea,  that  of  setting  standards  of  testing  and 
inspection  which  will  detect  unfit  material,  is  where  the  engineer 
is  most  likely  to  make  mistakes.  It  is  poor  business  policy  to 
write  a  specification  with  such  severe  clauses  that  only  one  out 
of  five  manufacturers  will  think  of  making  quotations.  I  should 
say  it  is  a  mistake  to  make  specifications  so  severe  that  any 
reputable  manufacturer  would  hesitate  to  hand  in  a  bid.  As 
a  general  rule  it  does  not  take  100  percent  efficiency  to  create 
a  material  that  is  fit  for  its  work.  Some  specifications  are  writ¬ 
ten  under  the  mistaken  idea  that  you  must  be  severe  with  the 
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manufacturer  or  you  will  have  something  “put  over'  on  you. 
There  is  an  organization,  for  instance,  whose  specifications  are 
much  in  use,  which  requires  a  sulphur  content  of  0.0:1  percent 
in  steel.  Manufacturers  can  make  steel  like  that.  A  few  of 
them  can  not.  The  president  of  this  organization  to  which  I 
have  alluded  is  fond  of  relating  that  in  the  ’90s  when  lie  was 
in  that  business  he  obtained  through  his  inspectors  a  series  of 
so  many  hundred  tests  and  the  sulphur  in  every  one  of  those 
was  under  0.03  oercent.  Now  he  will  not  listen  to  the  manu¬ 
facturer  who  asks  how  many  heats  they  made  in  trying  to  get 
that,  and  he  will  not  listen  to  the  argument  that  in  the  90s 
sulphur  was  worked  in  the  chemical  laboratories  by  a  far  differ¬ 
ent  method  from  today  and  a  much  less  complete  method,  and 
that  the  true  sulphur  in  the  heat  was  not  determined  in  those 
days.  So  even  today  that  organization  sticks  to  0.03  percent 
sulphur  and  all  of  its  members  are  paying  an  extra  high  price 
for  their  steel  in  consequence.  I  mention  this  as  an  illustration 
of  quite  a  large  class  of  unreasonable  requirements  that  come 
to  the  desks  of  those  who  read  specifications  in  the  steel  com¬ 
panies. 

It  would  be  a  mistake,  too,  to  set  such  severe  methods  of 
inspection  that  the  manufacturers  will  either  take  the  specifica¬ 
tions  with  mental. reservations  or  refuse  them  altogether. 

If  any  of  you  engineers  are  in  position  to  write  specifica¬ 
tions  I  urge  you  to  avoid  any  language  in  the  text  that  will  mean 
“interpretation“  either  on  the  part  of  the  manufacturer,  or  of 
the  representative  of  the  purchaser.  I  think  this  comes  under 
the  classification  once  given  to  certain  undesirables  by  Dr. 
Dudley,  former  president  of  the  American  Society  for  Testing 
Materials.  He  used  the  word  pestiferous.  That  struck  me  as 
a  good  word  in  certain  places  and  I  think  this  is  one  of  the 
places  where  it  belongs.  A  specification  that  has  to  be  inter¬ 
preted,  that  has  to  have  mental  reservations  on  the  part  of  tin* 
manufacturer,  or  that  has  an  ambiguous  meaning,  is  going  to 
cause  friction. 

Mr.  G.  L.  Norris  :*  There  is  one  thing  Mr.  Leach  did  not 
touch  upon  when  he  told  about  the  way  specifications  are  pre- 

•Metallurgical  Engineer,  American  Vanadium  Company,  Pittsburgh. 
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pared,  and  that  is,  the  way  to  be  prepared.  Among  the  first 
specifications  gotten  out  were  probably  those  for  railroads.  The 
Pennsylvania  Railroad  was  among  the  first  to  start  a  test  de¬ 
partment.  As  an  occasional  railroad  from  time  to  time  would 
open  up  a  similar  department  the  man  put  in  charge  would 
usually  write  Dr.  Dudley  for  a  complete  set  of  the  Pennsylvania 
specifications,  and  also  to  any  of  the  other  railroads  that  had 
specifications.  Then  he  would  average  them  up.  Once  in  a 
while  he  would  get  hold  of  a  few  stray  tests  and  put  those  in 
so  as  to  get  up  a  specification  that  did  not  look  any  more  like 
the  others  than  he  could  possible  help  in  order  to  impress  the 
railroad  with  an  idea  of  his  ability.  The  manufacturer  natur¬ 
ally  looked  on  these  specifications  as  hardships.  Each  new  set 
made  up  from  accumulations  was  a  little  worse  than  the  speci¬ 
fications  from  which  they  were  made.  When  the  specifications- 
came  in,  the  idea  was  not  to  work  to  them  if  it  could  be  helped, 
but  to  get  the  stuff  out,  get  it  past,  get  it  over  somehow.  Most 
of  the  manufacturers  could  not  see  whv  their  material  was  not 
good,  it  always  had  been  used  without  question  and  it  was  just 
the  same  as  it  always  had  been. 

But  in  time  the  specifications  began  to  be  drawn  up  in  some 
sort  of  an  intelligent  way  and  the  manufacturers  changed  their 
attitude  and  began  to  look  on  specifications  not  so  much  as  a 
hardship  but  as  a  metter  of  course,  and  to  realize  that  the 
specifications  have  actually  caused  them  to  improve  the  quality 
of  the  material  which  they  turned  out.  There  is  no  doubt  that 
this  has  been  the  case.  Mr.  Shuman  was  right,  to  my  mind, 
when  he  said  too  many  specifications  were  being  made.  This 
will  right  itself  eventually  and  they  will  be  crystallized  into  a 
comparatively  few  standard  specifications. 

For  a  good  many  years  I  was  connected  with  a  subsidiary 
company  and  we  had  specifications  turned  over  to  use  to  meet 
that  had  been  accepted  by  the  parent  company.  They  accepted 
the  orders  and  paid  no  attention  to  the  specifications  but  simply 
sent  them  in  to  us  to  get  out  the  material  any  way  we  could. 
Sometimes,  as  we  were  wondering  how  we  were  going  to  do  it, 
along  would  come  a  letter  waiving  all  specifications.  I  think 
specifications  should  be  drawn  up  to  enable  the  purchaser  to  ob- 
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tain  the  material  he  wants,  and  if  he  wants  a  high  class  material 
the  specifications  should  be  such  that  he  cannot  be  given  an  in¬ 
ferior  material.  I  do  not  thing  specifications  should  be  drawn 
up  so  that  all  material  turned  out  by  a  mill  would  be  accepted, 
because  if  such  were  the  case  the  industry  would  deteriorate 
as  far  as  quality  of  product  is  concerned.  Specifications  should 
also  be  drawn  up  so  as  to  avoid  quibbling,  or,  as  Mr.  Shuman 
has  put  it,  requiring  interpretation.  Just  a  few  days  there 
came  to  my  attention  a  case  in  point.  An  inspector  in  a  brass 
foundry  insisted  that  they  should  get  a  test  machine,  because  it 
would  be  more  convenient  for  them  and  for  him.  So  they  in¬ 
stalled  a  small  machine  and  when  the  tests  began  to  be  made 
the  inspector  objected  to  the  speed  of  the  machine.  He  said 
it  was  too  slow  and  wanted  it  speeded  up  and  told  them  what 
speed  he  wanted.  The  machine  was  changed  to  the  speed 
desired  and  then  he  found  he  could  not  obtain  the  elastic 
limit,  as  he  called  it,  by  means  of  the  drop  of  the  beam.  lie 
claimed  that  he  was  not  authorized  to  accept  any  other  kind  of 
an  elastic  limit  except  that  obtained  by  the  drop  of  the  beam. 
At  the  speed  he  requested,  the  load  was  applied  so  rapidly  that 
he  could  not  obtain  results.  Then  he  insisted  that  the  machine 
was  no  good  and  they  must  go  out  and  get  another  machine. 
That  is  just  an  extreme  instance  of  what  some  inspectors  will 
do.  The  American  Society  for  Testing  Materials  by  its  work 
in  standardizing  specifications  and  methods  of  testing  are 
guarding  against  unreasonable  demands  by  the  inspector. 

Another  specification  I  remember,  made  a  good  many  years 
ago,  was  a  railroad  specification  for  tires,  which  required  that 
a  tire  should  be  taken  for  test,  a  piece  cut  from  it  and  heated 
up  and  straightened.  Then  the  test  cut  from  that  and  pulled. 
This  test  of  course  did  not  represent  the  material  at  all.  Still 
it  satisfied  the  engineer  who  drew  up  the  specification.  Other 
specifications,  a  number  of  years  ago,  had  a  similar  clause.  1 
recall  one  that  allowed  a  test  bar  to  be  forged  on  the  end  of  the 
billet  to  represent  the  forging  that  was  to  be  made  from  that 
billet.  Each  billet  was  tested  in  this  manner  and  the  forgings 
made  from  the  billet  were  supposed  to  be  like  the  test  piece. 
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Mr.  F.  N.  Speller:*  The  question  of  specifications  has 
been  so  ably  discussed  from  the  standpoint  of  the  consumer 
and  producer,  that  there  remains  very  little  to  be  said  in  a 
general  way  on  the  matter.  I  presume  you  expect  from  me 
something  on  specifications  for  tubular  goods.  Therefore,  con¬ 
fining  this  part  of  the  discussion  to  tubes  and  pipe  it  should 
be  considered  in  the  first  place  that  we  have  in  this  country 
at  present  an  annual  production  of  about  2  000  000  tons  per 
annum.  There  has  been  a  great  widening  of  the  demand  for 
tubular  goods  of  late  years,  which  accounts  in  large  part  for 
the  variety  of  specifications  which  have  been  written  to  cover 
this  class  of  material. 

The  A.  S.  T.  M.  has  done  good  work  in  unifying  and  stand¬ 
ardizing  specifications  for  other  iron  and  steel  products  and 
have  now  started  a  good  movement  along  the  same  line  for 
tubes  and  pipe.  As  an  example  of  the  chaotic  state  of  speci¬ 
fications  for  tubes,  we  have  on  record  some  30  specifications 
for  locomotive  tubes  in  America,  few  of  which  have  the  same 
requirements  as  to  tests  and  many  contain  impossible  condi¬ 
tions.  For  example,  the  old  Master  Mechanics’  specification, 
which  is  still  in  force  limits  the  carbon  to  0.15  to  0.20  percent 
and  requires  a  quench  test  which  reads  as  follows : 

“  Strips  0.5  inch  in  width  by  six  inches  in  length,  planed  length¬ 
wise  from  tubes,  after  having  been  heated  to  a  cherry  red  and  quenched 
in  water  at  80  deg.  Fahr.,  shall  bend  in  opposite  directions  at  each 
end,  as  shown  in  sketch  below  without  cracks  or  flaws.”  (i.  e.  shall 
bend  back  flat  on  itself.) 

This  condition  is  next  to  impossible  when  strictly  enforced. 
Again  on  sulphur  requirement  this  specification  calls  for  an 
upper  limit  of  0.03  percent  in  the  finished  tube.  While  on  the 
question  of  sulphur  limitations  let  me  refer  to  our  experience 
in  lap-welding  thousands  of  tons  of  steel  tubing  with  respect 
to  the  influence  of  sulphur  on  the  metal.  It  is  generally  admit¬ 
ted  that  sulphur  is  objectionable  only  insofar  as  it  tends  to 
cause  damage  to  the  steel  in  hot  working,  or  as  it  interferes 
with  welding.  The  latter  result  is  the  first  to  be  mainfested — 
that  is,  the  steel  may  roll  sound  and  work  up  nicely  with  0.07 

♦Metallurgical  Engineer,  National  Tube  Company,  Pittsburgh. 
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percent  sulphur  but  this  is  not  desirable  for  good  welding  prac¬ 
tice. 

So  far  as  our  records  show  we  have  not  found  any  notice¬ 
able  difficulty  in  welding  steel  attributable  to  sulphur  when 
that  element  does  not  exceed  0.05  percent. 

As  to  the  influence  of  sulphur  in  service,  plenty  of  cases 
could  be  referred  to  where  boiler  tubes  with  0.06  precent  sulphur 
have  given  long  and  satisfactory  service.  When  all  the  facts  are 
known  regarding  the  influence  of  sulphur  there  will  probably 
be  a  reversal  of  opinion  such  as  has  happened  in  late  years 
respecting  the  influence  of  copper  in  steel. 

The  removal  of  sulphur  in  the  basic  open  hearth  furnace 
is  not  an  impossibility,  but  as  the  sulphur  content  of  the  stock 
increases  from  year  to  year  the  difficulties  in  removing  this 
element  become  more  serious.  Moreover,  a  heat  of  steel  is 
usually  better  if  allowed  to  finish  naturally  rather  than  under 
the  furnace  conditions  necessary  for  the  forcing  out  of  sulphur. 

There  are  two  methods  of  framing  specifications;  the  selec¬ 
tion  of  one  or  the  other  depending  on  how  the  purchaser  inter¬ 
prets  the  aim  and  object  of  specifications.  Assuming  that  spe¬ 
cifications  are  written  by  engineers,  as  should  always  be  done, 
one  man  from  his  experience  with  human  nature  will  consider 
it  good  policy  to  put  his  standards  high,  perhaps  a  little  better 
than  he  expects  to  get,  in  the  expectation  that  the  manufac¬ 
turer  will  risk  shipping  something  which  is  a  little  outside  of 
the  limitations  given,  and  that  in  any  case  he  may  be  asked  to 
accept  such  material  and  make  concessions. 

Another  type  of  engineer  will  work  to  the  other  extreme 
by  estimating  from  specific  experience  what  variations  he  can 
accept  in  chemical  and  physical  properties  so  as  to  include  all 
reasonable  variations  in  the  material  and  methods  of  making 
tests.  He  will  consult  freely  with  the  manufacturer  when  the 
specifications  are  being  drawn  and  use  standard  specifications 
established  by  authorities  on  the  subject  wherever  possible. 
Under  these  conditions  it  would  probably  be  useless  for  a  manu¬ 
facturer  to  appeal  beyond  the  terms  of  the  specification.  Most 
manufacturers  nowadays  would  prefer  to  work  under  this  sps- 
tem,  but  as  a  matter  of  fact,  they  frequently  have  to  adapt 
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their  practice  to  both.  And  unless  the  manufacturer  when 
asked  to  quote  on  the  specification  that  accompanies  an  inquiry 
happens  to  be  familiar  with  the  method  of  enforcement  contem¬ 
plated,  he  will  be  much  at  sea  in  deciding  whether  to  take  a 
chance  by  adding  a  little  to  the  price  or  let  the  possibility  of 
an  order  pass. 

The  architect  or  engineer  may  consider  that  he  has  fully 
protected  the  interests  of  his  client  and  his  own  reputation 
against  future  contingencies  by  specifying  a  higher  priced  ma¬ 
terial.  If  there  was  time  I  would  like  to  give  a  few  examples 
from  cases  where  steel  pipe  has  been  unknowingly  accepted 
from  unscrupulous  or  careless  contractors  and  found  to  be  “an 
excellent  grade  of  wrought  iron.”  A  close  examination  of  old 
lines  has  shown  that  this  was  not  so  uncommon  ten  years  ago 
and  as  on  the  whole  the  one  has  been  found  to  last  as  long  as 
the  other  under  such  conditions,  the  only  harm  done  was  to  the 
purchaser  who  might  have  saved  20  percent  or  so  in  cost  if  he 
had  stated  his  requirements  in  the  form  of  a  reasonably  open 
specification  as  to  quality.  Few  architects  have  the  opportunity 
to  make  thorough  investigations  of  the  quality  of  various  ma¬ 
terials  which  might  be  specified  in  a  modern  building,  and  are 
on  this  account  perhaps  more  inclined  than  others  to  rely  on 
“old  brand”  specifications.  Col.  E.  D.  Meier,  Past  President, 
American  Society  of  Mechanical  Engineers,  in  a  recent  paper 
on  Modern  Boiler  Problems  puts  this  in  the  following  rather 
picturesque  language :  “  Their  reverence  for  the  antique  is  touch¬ 
ing  and  laudable,  but  should  not  be  extended  to  metallurgy, 
which  is  an  essentially  modern  science.” 

The  leading  railroads  and  other  large  buyers  are  now  quite 
generally  ordering  pipe  under  the  same  system  that  they  have 
found  to  work  well  for  other  material  and  the  time  is  not  far 
distant,  let  us  hope,  when  we  will  have  in  this  country  a  uniform 
set  of  specifications  for  tubular  goods  as  well  as  for  all  other 
important  commercial  products. 

Lieut.  C.  H.  Harrington:*  There  is  probably  very  little 
that  I  can  say  that  has  not  been  said  already  on  the  subject  of 
specifications,  but  I  have  a  few  ideas  that  may  perhaps  be  of 

U.  S.  Naval  Inspector  Hull  Materials,  Homestead  Steel  Works,  Home¬ 
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interest.  I  stand  not  as  one  who  desires  to  reduce  the  number 
of  specifications,  but  on  the  contrary  as  one  who  desires  to  in¬ 
crease  the  number.  By  this  I  do  not  mean  to  be  construed  as 
advocating  multiplicity  of  specifications  for  the  same  material, 
but  rather  to  increase  the  classes  of  material  covered  by  stand¬ 
ard  specification.  I  advocate  this  because  I  believe  the  present 
day  is  becoming  more  and  more  an  age  of  standards,  and  there 
is  no  question  in  my  mind  that  the  way  to  attain  standards  is 
by  having  certain  requirements  in  the  form  of  specifications. 
Specifications  are  nothing  more  or  less  than  a  set  standard,  as 
by  having  everything  set  down  I  am  sure  a  great  deal  of  time 
will  be  saved  and  a  great  deal  of  trouble  also.  As  an  example 
of  this  I  would  cite  the  American  Society  of  Mechanical  En¬ 
gineers  which  at  its  last  meeting  had  a  subcommittee  on  stand¬ 
ardization  of  catalogues.  That  is  perhaps  a  very  minor  con¬ 
sideration,  when  we  think  of  the  other  things  that  have  to  be 
standardized,  but  even  in  that  item  alone,  if  we  consider  the 
subsidiary  channels  that  will  be  affected,  a  considerable  saving 
of  time  and  money  will  result.  That  is  one  of  my  reasons  for 
coming  before  you  as  an  advocate  of  a  great  many  specifications. 

Mr.  Lynch  fully  described  the  methods  of  using  specifica¬ 
tions  by  purchasing  departments  of  various  concerns.  Of  course 
I  have  not  an  intimate  knowledge  of  the  use  of  specifications 
in  that  regard  but  it  would  seem  to  me  that  considerable  saving 
of  time  would  be  effected  by  purchasing  agents  having  at  their 
finger  tips  a  complete  set  of  printed  specifications.  If  they  had 
a  complete  set  of  printed  specifications,  like  the  Navy  Depart¬ 
ment  has,  to  which  they  could  refer  without  the  necessity  of 
having  the  requirements  of  the  material  written  time  and  again, 
they  could  save  a  great  deal  of  time  in  the  purchasing  depart¬ 
ments  of  these  great  industrial  concerns.  It  certainly  saves 
much  time  in  the  Navy.  That  is  one  reason  for  specifications. 
Instead  of  writing  out  the  requirements  of  the  materials  every 
time,  when  once  the  problem  is  solved,  print  out  those  speci¬ 
fications. 

Mr.  Lynch  also  described  the  method  of  numbering  speci¬ 
fications  as  used  by  the  Westinghouse  Company.  You  have 
perhaps  all  noticed  the  way  the  Navy  Department  number  their 
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specifications,  but  you  may  not  know  the  exact  significance  of 
such  nomenclature.  All  specifications  for  the  Navy  have  a  little 
number  on  the  right  hand  corner,  602  for  instance.  All  ma¬ 
terial  that  is  purchased  for  the  Navy  Department  is  divided  into 
65  classes,  and  the  Navy  uses  about  all  materials  that  are  made. 
The  specifications  embody  everything  from  fresh  eggs  and  canned 
corn  to  electric  machinery  and  special  treat  steel.  The  first 
number  in  6  C  1  for  instance,  would  indicate  that  the  material 
was  in  Class  6,  the  C  means  that  it  is  chain  cable,  C  being  the 
initial  letter  of  the  article,  (t±”  signifies  the  first  specification 
under  6  C.  Again,  take  for  example  6  C  2,  which  might  mean 
‘‘chain  hooks”  under  Class  6,  this  being  specification  No.  2 
under  6  C.  In  this  manner  you  do  not  have  to  change  the 
reference  in  the  drawing.  If  the  specification  is  revised  it  has 
the  same  number  but  the  date  is  changed. 

It  is  brought  home  very  forcibly  to  me  that  there  is  a  great 
necessity  for  rigid  specifications  because  all  firms  are  not  honest. 
I  think  without  exception  all  large  firms  intend  to  be  honest 
but  there  are  a  good  many  small  fellows  that  will  try  to  jump 
in  and  take  advantage  of  good  reliable  dealers  and  it  is  neces¬ 
sary  to  make  specifications  rigid  on  that  account. 

The  impression  was  given  me  in  one  of  the  discussions  that 
specifications  protect.  It  is  not  the  specifications  that  protect, 
it  is  the  inspection  that  protects.  That  is  brought  out  very 
forcibly  to  me  by  lumber  that  is  submitted  for  inspection. 
There  are  some  lumber  dealers  who  will  contract  to  deliver  ma¬ 
terial  in  accordance  with  given  specifications,  and  they  will  in¬ 
tentionally  buy  inferior  material  hoping  by  lax  inspection  to 
get  it  by  the  inspectors.  This  is  another  case  where  unscrupu¬ 
lous  dealer  takes  advantage  of  the  reliable  dealer,  and  that  is 
why  rigid  inspection  is  necessary. 

I  think  we  will  all  agree  that  there  is  only  one  way  to 
make  specifications  and  that  is  by  the  consumer  and  the  manu¬ 
facturer  getting  together  by  co-operative  working.  The  con¬ 
sumer  will  put  down  his  requirements  and  ask  the  manufacturer 
whether  he  can  meet  them.  Often  times  in  the  Navy  the  speci¬ 
fications  are  put  up  to  the  manufacturer  and  they  say  they  can 
not  meet  them.  The  government  must  have  better  material  in 
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some  respects  that  the  commercial  concern,  and  the  question 
is  again  referred  to  the  manufacturer.  What  has  been  the 
result?  It  has  been  put  hack  to  the  manufacturer  and  as  a 
result  they  have  produced  better  material  than  they  have  been 
producing.  That  has  been  the  case  in  high  tensile  steel,  and  tin* 
necessity  for  high  tensile  steel  nobody  who  knows  anything 
about  present  day  ships,  can  doubt.  There  is  another  case  that 
iust  recently  came  under  mv  observation,  the  case  of  rivets. 
Using  high  tensile  steel  we  must  have  rivets  that  are  practically 
as  good  as  the  steel.  So  the  problem  was  put  up  to  the  rivet  manu¬ 
facturers  and  they  rather  balked  on  it,  but  the  department  was 
firm  and  as  a  result  they  have  produced  rivets  whose  test  for 
shearing  strength  gives  the  best  result  for  double  shear  that  I 
have  ever  seen  for  rivets  of  any  class;  which  illustrates  th«* 
point  I  have  now  in  mind,  namely  that  specifications  tend  to 
improve  the  quality  of  material. 

Mr.  Henry  Gulick  :*  I  want  to  take  exception  to  the 
statement  of  a  previous  speaker  that  there  are  too  many  speci¬ 
fications.  This  is  true  in  some  cases,  yet  we  are  bound  to  see 
an  increase  in  the  number  of  specifications  due  to  particular 
services  requiring  special  specifications,  therefore,  there  will  be 
an  increase  in  number  rather  than  a  lessening. 

The  statement  that  specifications  should  be  so  plainly  writ¬ 
ten  that  no  interpretation  would  be  necessary  is  to  my  mind 
a  beautiful  theory,  but  I  regret  that  it  cannot  be  accomplished 
in  practice.  I  feel  confident  in  making  the  statement  there  are 
few  specifications  which  do  not  permit  varied  interpellation. 

In  connection  with  this  it  is  sometimes  stated  that  it  de¬ 
pends  upon  what  the  inspector  had  for  breakfast.  Take  one 
of  the  commonest  specifications  in  force,  namely,  structural 
steel,  unless  one  knew  the  ropes  you  might  think  he  was  to 
inspect  the  surface  of  all  the  material  and  select  his  own  test 
pieces  and  would  be  surprised  to  find  that  all  the  test  pieces 
were  cut,  numbered  and  stacked  up  ready  to  be  pulled  in  the 
test  room,  and  the  material  loaded  ready  for  shipment,  awaiting 
the  result  of  the  test. 

Another  case  of  interpretation :  An  order  for  axles  at  a 

♦President,  Gulick  Henderson  Company,  Pittsburgh. 
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small  axle  plant, — the  specifications  require  test  pieces  to  be 
taken  from  the  prolongation  of  the  end.  In  due  time  the 
inspector  stamped  the  end  of  one  axle  and  upon  returning  to 
get  the  finished  test  piece  found  the  end  had  been  prolonged 
to  a  small  diameter,  a  foot  or  two  long.  This  was  the  interpre¬ 
tation  this  particular  manufacturer  placed  on  the  specifications. 

The  service  of  materials  is  growing  so  fast  that  specifica¬ 
tions  might  be  stated  to  be  only  tentative,  and  to  be  changed 
from  time  to  time.  I  sometimes  think  the  attitude  of  the  con¬ 
sumer  and  producer  as  regards  specifications  is  something  like 
two  dogs  barking  viciously  at  one  another  through  a  fence,  and 
when  they  come  to  an  opening,  it  is  gratifying  to  see  how 
friendly  they  are,  in  other  words,  they  have  met  on  common 
ground. 

Mr.  A.  E.  Crockett:!  There  is  one  point  that  possibly  it 
might  be  well  to  bring  out,  which  Mr.  Lynch  in  part  empha¬ 
sized,  the  fact  that  his  company  specifies  certain  manufacturers 
that  they  will  get  prices  from  on  certain  materials,  but  there 
seems  to  be  a  lack  of  harmony  between  those  who  draw  the 
specifications  and  those  who  purchase  the  material.  One  is 
seeking  to  produce  in  the  factory  the  most  perfect  piece  of 
machinery  that  can  be  produced,  hence  he  wants  the  very  best 
material  to  go  into  that  machine,  that  it  may  stand  for  all  time 
as  an  advertisement  for  the  concern.  On  the  other  hand  the 
purchasing  agent  desires  to  aid  in  profits  from  his  end  of  the 
deal.  Goods  well  bought  are  half  sold,  but  it  frequently  happens, 
in  times  when  business  is  somewhat  depressed,  that  a  purchasing 
agent,  instead  of  sending  out  inquiries,  will  select  some  concern 
from  whom  purchases  have  been  made  in  the  past  and  send 
them  an  order  with  a  price  attached  thereto,  thereby  giving  the 
impression  to  a  manufacturer  that  he  has  received  such  price 
from  others,  with  the  result  that  the  sales  department  will 
accept  the  order,  hoping  that  the  manufacturing  end  can  skin 
through  on  the  specifications. 

As  to  the  matter  of  uniform  specifications,  there  is  a  grow¬ 
ing  tendency  to  accomplish  this  by  legislation,  and  other  indi- 

f  General  Manager,  Standard  Chain  Company,  Bailey-Farrell  Bldg., 
Pittsburgh. 
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cations,  so  that  it  is  only  a  question  of  time  when  the  United 
States  government  will  insist  for  such  on  all  materials  entering 
into  equipment  to  be  used  for  interstate  commerce.  Mr.  Leech 
touched  that  point  well  when  he  said  the  American  Society  will 
become  the  national  clearing  house.  The  sooner  we  have  some 
society  or  organization  whereby  unified  classifications  will  be 
provided,  and  all  work  in  harmony  in  such  an  organization, 
the  better. 

Mr.  J.  0.  Leech:  I  would  like  to  correct  a  possible  mis¬ 
apprehension  about  this  question  of  multiplicity  of  specifica¬ 
tions.  I  do  not  believe  that  Mr.  Shuman  advocates  giving  up 
all  specifications,  nor  do  I  believe  Naval  Constructor  Harrington 
is  taking  an  opposite  position  in  advocating  a  multiplicity  of 
specifications.  I  believe  that  Mr.  Shuman  means  that  we  should 
have  fewer  specifications  for  a  given  class  of  material,  and  that 
Mr.  Harrington  means  that  we  should  have  specifications  for 
more  classes  of  material.  That  is,  they  both  advocate  standard¬ 
ization. 

As  to  the  question  of  interpretation  of  specifications,  I 
believe  that  is  is  a  mistake  to  try  to  cover  detailed  instructions 
to  inspectors.  While  a  purchase  specification  should  be  clear 
and  comprehensive,  it  should  be  assumed  that  it  will  be  inter¬ 
preted  by  experienced  people.  New  inspectors  should  receive 
instructions  from  their  superiors,  not  only  as  to  the  meaning  of 
a  specification,  but  as  to  the  things  they  should  expect  from  the 
manufacturers.  I  have  always  been  impressed  with  the  sentence 
printed  on  the  face  of  all  of  Tlieo.  Cooper’s  specifications  read¬ 
ing,  “The  most  perfect  system  of  rules,  to  insure  success,  must 
be  interpreted  upon  the  broad  grounds  of  professional  intelli¬ 
gence  and  common  sense.” 

Naval  Constructor  Harrington  stated  that  inspection  pro¬ 
tects  perhaps  more  than  specifications,  and  I  also  consider  that 
intelligent  inspection  is  as  necessary  as  a  comprehensive  speci¬ 
fication.  A  great  mistake  made  by  the  Massachusetts  Board  of 
Boiler  Rules  is  not  to  provide  for  the  inspection  of  the  material. 
They  have  extensive  rules  covering  the  inspection  of  the  boiler, 
its  installation,  and  maintenance,  but  do  not  provide  for  the 
inspection  of  the  material  at  the  proper  place,  namely,  at  the 
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mill.  I  hope  that  some  one  will  bring  the  various  boiler  boards 
to  realize  that  proper  inspection  at  the  proper  place  is  more 
important  than  the  restriction  to  a  maximum  of  62  000  lb. 
tensile  strength  for  boiler  shell  plates.  I  do  not  believe  that 
any  evidence  can  be  produced  to  show  that  plates  up  to  or  even 
higher  than  65  000  lb.,  with  proper  ductility,  are  dangerous 
in  a  properly  constructed  boiler.  The  minimum  tensile  strength 
of  plates  in  most  marine  boilers  is  60  000  lb.  with  no  restriction 
on  the  upper  limit,  and  frequent  orders  are  received  for  plates 
with  a  minimum  of  65  000  lb.  tensile  strenght.  British  Lloyd’s 
minimum  is  62  720  lb.  T.  S.  for  boiler  shells. 

I  would  like  to  emphasize  the  point  mentioned  by  Messrs. 
Shuman  and  Norris  as  to  the  basis  upon  which  some  engineers 
construct  specifications.  Mr.  Shuman  spoke  of  a  gentleman  who 
was  fond  of  quoting  the  number  of  heats  he  had  obtained 
showing  sulphur  contents  below  a  certain  figure,  and  Mr.  Norris 
spoke  of  averages  being  used.  I  have  heard  the  argument  used 
many  times  by  engineers  that  the  mill  should  be  able  to  furnish 
material  within  certain  limits,  because  their  records  of  tests  for 
a  given  period  show  them  to  be  within  these  limits.  However, 
they  do  not  seem  to  take  into  consideration  the  fact  that  these 
tests  are  all  accepted  tests  and  should  be  within  these  limits. 
They  overlook  the  fact  that  the  mills  may  have  had  to  reject 
many  heats  of  perfectly  satisfactory  material  in  order  to  get 
a  given  percentage  of  accepted  material.  Perfectly  good  ma¬ 
terial  is  often  thrown  out  because  it  is  a  few  units  low  in 
reduction  or  area  or  a  few  hundred  pounds  high  in  tensile- 
strength,  which  are  many  times  within  the  limits  of  personal 
error. 

A  Member  :  There  is  one  point  I  hoped  Mr.  Leech  would 
cover,  that  is  regarding  his  statement  that  inspection  is  more 
of  a  protection  that  specifications.  It  seems  to  me  that  is  a 
pretty  narrow  view  of  it  to  take.  The  manufacturer  and  the 
consumer  should  both  be  protected  and  any  protection  of  that 
sort  should  be  something  that  is  mutual,  something  which  could 
be  understood  and  known  before  hand  by  both.  Specifications 
are  in  that  class.  Each  can  take  those  specifications  and  dissect 
them  carefully  and  know  just  what  to  expect.  Now  inspection: 
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is  something  that  can  not  possibly  be  known  to  tin*  manufac¬ 
turer.  It  is  surely  one  sided.  So  I  do  not  think  that  is  a 
strictly  correct  view  to  take  of  it.  I  think  the  specifications 
should  be  the  protection,  not  the  inspection,  inspection  merely 
carrying  out  the  specifications  in  a  conscientious  manner.  If 
it  is  not  done  conscientiously  it  is  not  done  at  all. 

The  only  other  point  which  occurred  to  me  is  one  that  has 
been  covered  but  which  will  stand  repetition,  that  is  the  neces¬ 
sity  of  co-operation  in  the  drafting  of  specifications  and  the 
necessity  of  asking  not  the  limit  of  what  we  think  we  can  get, 
but  what  we  think  we  actually  need. 

Mr.  J.  A.  McCulloch  :*  The  question  of  the  formal  specifi¬ 
cation  has  been  well  handled,  and  from  several  points  of  view, 
but  there  is  an  immense  number  of  informal  specifications  be¬ 
cause  everyone  writes  a  letter  requesting  a  bid  on  material 
does  really  write  a  specification;  a  specification  in  fact  and  in 
law. 

Mr.  Lynch  has  brought  out  the  necessity  of  performance 
and  I  think  has  used  the  term  in  a  different  sense  from  that 
understood  by  many  who  write  letters  because  these  frequently 
not  only  disclose  the  service  to  which  the  purchaser  will  apply 
material  but  also  at  times  are  so  worded  as  to  appear  to  de¬ 
sire  to  involve  the  seller  in  a  joint-liability  with  the  purchaser 
in  a  service  dominated  by  the  latter  and  in  which  the  seller  has 
no  opportunity  to  guard  his  interests. 

It  may  be  all  very  well  in  most  cases  to  disclose  the  service 
(or  performance  required  in  service)  because  it  frequently  en¬ 
ables  a  maker  to  indicate  which  of  his  products  are  known  to  be 
so  employed.  Those  inquiries  which  appear  to  mask  a  pur¬ 
chasers’  desire  to  shift  responsibility  upon  a  seller  are  rightly 
regarded  in  an  adverse  light.  I  am  persuaded  that  many  have 
no  such  desire  but  slip  into  such  form  of  inquiry  because  of 
aversion  to  confessing  ignorance ;  yet  who  of  us  is  not  conscious 
of  ignorance  of  highly  specialized  trades.  We  should  feel 
no  embarrassment  in  soliciting  information  for  it  is  always 
cheerfully  given.  The  proper  limit  to  performance  is  time 

♦Engineer,  Galvanizing  Works,  National  Tube  Company,  McKeesport. 
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of  completion  of  a  sale.  A  sale  is  complete  when  a  delivery 
is  made.  After  delivery  the  material  is  the  purchasers  (e.  g., 
Court  decisions  as  to  Natural  Gas  after  it  passes  the  meter) . 
The  proper  principal  is  that  a  specifications’  obligation  should 
terminate  with  ownership. 

There  are  cases  where  it  is  most  difficult,  if  possible,  to 
prove  performance  of  the  contract  liimtations,  at  the  time  of 
delivery.  I  refer  to  certain  compositions  largely  composed  of 
organic  substances,  paints,  oils,  rubber,  varnishes,  etc.,  whose 
chemical  analysis  is  frequently  an  unwarranted  expense  on  an 
account  of  size  of  purchase,  if  indeed  it  ever  affords  a  proper 
criterion  of  quality.  In  these  cases  it  may  yet  be  best  to  have 
the  specification  one  of  continued  liability  embracing  a  period 
of  use  in  purchasers  hands.  It  is  buying  on  brand  and  trusting 
the  self  interest  of  the  seller  to  restrain  him  from  destroying 
his  own  reputation.  These  cases  are  essentially  different  from 
those  where  quality  can  be  sufficiently  revealed  by  inexpensive 
tests  before  delivery. 

Many  inquirers  appear  to  ask  a  market  article  but  seem 
to  think  that  by  unusual  limitations  they  can  secure  a  product 
better  than  is  on  the  market.  One  might  say  at  times,  a  selected 
product  at  current  prices.  This  is  most  often  on  small  in¬ 
quiries  that  would  warrant  no  manufacturer  in  changing. 
Makers  welcome  inspection  and  limitations  that  hold  them  up 
to  the  production  of  high  grade  goods;  but  where  only  the 
chance  piece  will  meet  requirements  the  sale  entails  great  risk 
and  principles  of  equity  indicate  that  the  profit  must  be  com¬ 
mensurate  with  the  risk  .  If  the  trade  article  as  usually  in¬ 
spected  for  the  trade  will  answer,  then  the  normal  profit  of 
the  trade,  but  if  an  extra  hazard,  then  the  extra  profit  should 
not  only  include  the  extra  costs  of  inspection,  etc.,  but  also  a 
profit  proportional  to  the  risk.  The  principal  of  the  propor¬ 
tionality  of  risk  and  profit  is  as  truly  equitable  in  manufactur¬ 
ing  as  in  finance,  of  which  it  forms  the  fundamental  basis. 

One  essential  of  a  good  specification  is  that  its  true  spirit 
can  readily  be  proved  to  have  been  carried  out,  or  violated. 
It  is  equally  essential  that  the  inspection  correspond  to  the 
normal  interpretation  of  the  specification  and  not  introduce  a 
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novel  meaning.  Tn  fair  dealing,  equity  demands  adherence  to 
the  principle  of  non-surprise. 

Specifications  frequently  require  possession  of  certain  of 
the  essential  qualities  of  materials,  which  is  all  proper  and 
right  if  suitably  stated,  but  this  is  not  always  the  case.  We 
are  all  familiar  with  tensile  strength  requirements  reading  be¬ 
tween  limits  or  requiring  exceeding  a  minimum;  but  when  it 
comes  to  elastic  properties  it  seems  as  though  the  tolerance  of 
a  variation  of  17  to  27  percent  allowed  in  tensile  tests  was 
forgotten.  It  is  common  to  find  a  requirement  that  ductile 
metals  after  removal  of  full  proof  load  shall  return  exactly  to 
their  initial  configuration  (dimensions).  No  material  is  of  this 
quality.  If  recuperation  appears  to  be  perfect  it  is  an  almost 
certain  proof  of  an  inaccurate  or  insufficient  test.  It  is  most 
noticeable  on  first  loading  but  it  shows  on  subsequent  loading 
also.  No  bridge  eye-bar  recovers  its  initial  length  with  ex¬ 
actness  on  removal  of  the  first  full  load.  Iron,  steel,  copper 
and  its  alloys,  rubber,  etc.,  all  exhibit  this  lack  of  recovery.* 

The  proof  load  may  be  near  the  minimum  yield  point 
and  the  yield  point  is  often  far  above  and  far  removed  from 
the  elastic  limit. 

It  almost  appears  as  though  elastic  perfection  were  re¬ 
quired  in  ignorance,  or  due  to  mis-education,  or  to  inadequate 
training.  Unfortunately  some  admirable  books  on  strength 
of  materials  and  mechanics  are  sponsors  for  the  idea  that  the 
modulus  of  elasticity  is  not  subject  to  variation  or  imperfection. 

Perfect  elasticity  seems  at  times  to  rest  on  an  assumption 
that  it  is  commercially  practical  to  produce  structural  mater¬ 
ials  whose  qualities  .are  such  that  imperfection  cannot  be  de¬ 
tected.  The  microscope  shows  otherwise.  Ductile  yietals  as 
they  leave  the  process  of  manufacture  always  exhibit  set  on 
first  loading.  The  very  essentials  of  the  construction,  e.  g. 
internal  stress  due  to  forced  or  shrunk  fits,  tempering,  etc., 
often  preclude  reducing  the  material  to  a  state  of  case.  The 

♦See  Watertown  Tests  of  Metals,  1883-1886,  p.  1671,  1617;  1 1*08,  p. 

176-235;  1909,  p.  686-865;  1910,  p.  144-198. 

Searle’s  Experimental  Elasticity,  p.  78  and  159. 

Ibbetson,  Theory  of  Elasticity,  p.  184. 

Schidrowitz,  Rubber,  p.  231. 

Lanza,  Applied  Mechanics,  p.  486,  489. 
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idea  of  no-set  might  almost  be  said  to  violate  the  history  of  the 
theory  of  elasticity. 

This  idea  of  elastic  perfection,  or  no-set,  appears  to  spring, 
at  times,  from  too  great  familiarity  with  the  empirical  rough 
approximate  elastic  formulas  for  deflection.  Mathematics  of  a 
very  simple  and  useful  sort,  but  based  on  assumptions  that  are 
known  to  be  untrue  for  most  materials,  or  at  least  if  not  untrue 
are  only  partial  truths  and  thus  liable  to  lead  to  error.  Formu¬ 
las  are  valuable  and  within  limits  are  credible,  but  we  should 
never  lose  sight  of  the  fact  that  mathematics  is  not  law  but 
that  we  must  conform  to  the  known  properties  of  materials.  It 
will  not  do  to  violate  simple  facts  of  natural  history,  physics. 
I  do  not  say  natural  philosophy  for  that  might  imply  the  privi¬ 
lege  of  sound  mathematical  training  but  the  essential  facts  are 
easily  found  in  writings  that  free  from  mathematical  brevity, 
or  where  such  is  only  used  in  a  supplemental  way.  This  set 
within  the  elastic  limit  is  no  criterion  of  the  quality  of  the  ma¬ 
terial  and  its  suitability  for  practical  constructions.  Poynting 
and  Thomson’s  Physics  speak  of  this  set  as  the  “ anomalous 
effect  on  first  loading.’’  Lord  Kelvin  has  said  that  the  elas¬ 
ticity  of  many  solids  is  not  perfect  and  it  is  not  known  whether 
it  is  perfect  for  any. 

Mr.  Samuel  E.  Duff  :i  I  think  any  one  would  be  bold  to 
attempt  to  add  to  the  details  of  the  discussion  tonight.  I 
might  say  a  word  or  two  in  a  general  way.  The  result  of  the 
presentation  has  brought  out  strongly  the  necessity  for  three 
things.  The  first  is  knowledge,  the  second  is  intelligence,  which 
may  differ  from  knowledge,  and  the  third  is  honesty.  If  those 
three  principles  are  applied  to  this  problem  we  will  get  ideal 
results.  I  say  ideal,  because  it  is  impossible  to  reach  this  100 
percent  efficiency  that  we  hear  about  unless  we  set  the  standard 
at  the  average.  And  that  is  the  trouble  with  a  great  many 
specifications,  as  has  been  brought  out  tonight.  The  standard 
is  set  at  the  maximum  obtainable  and  then  100  percent  efficiency 
is  required,  which  is  an  impossibility.  I  call  that  lack  of 
intelligence.  In  other  words  an  engineer  may  know  what  the 
possibilities  are,  and  he  may  insist  on  always  obtaining  the 

{Consulting  Engineer,  Empire  Building,  Pittsburgh. 
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possibility  instead  of  the  average.  That  shows  lack  of  intelli¬ 
gence,  and  is  what  produces  dishonesty  in  nearly  every  case. 
The  matter  of  dishonesty  I  think  time  always  cures.  The  prin¬ 
ciple  of  the  survival  of  the  fittest  takes  care  of  all  who  violate 
the  principle  of  common  honesty. 

But  knowledge  is  something  we  can  only  gain  after  con¬ 
siderable  effort,  and  the  field  of  knowledge  in  engineering  is 
so  vast  that  it  is  absolutely  impossible  for  any  one  man  to  ob¬ 
tain  even  a  limited  knowledge  of  the  various  classes  of  infor¬ 
mation.  I  think  the  statement  brought  out  tonight,  that  we 
must  have  some  standard  societv  or  some  societv  in  which  we 
will  place  the  responsibility  for  our  standards  is  an  absolute 
necessity,  and  of  course  we  are  coming  to  that.  The  question 
of  whether  or  not  this  standard  shall  be  approved  by  the 
government  is  another  question,  because  the  approval  of  the 
government  cannot  be  so  quickly  changed  or  modified  as  the 
advance  in  manufacture  may  require.  Therefore  it  might  not 
operate  as  well  as  some  expect. 


HISTORIC  FAILURES  OF  ENGINEERING 

STRUCTURES 


By  Horace  R.  Thayer* 


The  lesson  of  failure  is  not  one  whit  less  important  than 
that  of  success.  Many  structures  are  designed,  erected,  and 
maintained  for  long  years  with  serious  faults.  For  example, 
a  bridge  might  be  needlessly  strong  as  a  whole  or  in  part. 
Or  it  could  be  weak,  yet  escape  the  maximum  load  for  which 
it  should  have  ample  provision.  Still  again  it  may  be  saved 
by  the  action  of  details  which  cannot  be  depended  upon  and 
ought  not  to  be  computed  as  available  strength.  It  does  not 
always  follow  that  the  structure  which  stands  is  a  model. 

On  the  other  hand,  if  loads  are  known,  we  may  learn 
from  the  failure  the  ultimate  unit  stress  of  the  material  under 
practical  conditions;  a  value,  it  may  be  remarked,  which  differs 
a  great  deal  from  the  results  of  laboratory  tests  with  central¬ 
ized  loads,  rapidly  applied  and  of  short  duration.  Or  if 
strength  of  failed  piece  can  be  ascertained,  we  may  obtain 
amounts  and  nature  of  forces.  And  further  the  cumulative 
evidence  obtained  in  this  way  of  what  cannot  be  done ,  after 
many  years  of  practice  prescribes  very  rigid  limits  of  what 
may  be  allowed. 

Deprived  of  this  light  of  long  experience  by  the  many 
changes  in  materials  and  methods  of  engineering,  is  the  record 
of  failures  a  bad  one?  From  a  list  of  accidents  to  railroad 
bridges  from  1879  to  1888t  inclusive,  we  abstract  the  follow¬ 


ing  statement  of  causes: 

Fire  .  27 

Freshet . 39 

Repairs  .  8 

Knocked  down .  60 

Square  fall  . 34 

Unknown  .  97 


Total . 265 


Presented  before  the  Structural  Section  May  tl.  and  published  in  the 

June,  1913,  Proceeding’s. 

♦Assistant  Professor  of  Structural  Design.  Carnegie  Institute  of  Tech¬ 
nology,  Pittsburgh. 

fEngineering  News:  Vol.  21,  p.  2S2,  288. 
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Of  these  but  34  can  be  called  a  fault  of  design  and  they 
would  not  constitute  more  than  one  hundredth  of  one 
percent  of  the  total.  Is  it  not  on  the  whole  rather  surprising 
that  so  many  projects  involving  new  methods  or  new  materials 
or  perhaps  both  are  successful?  Reinforced  concrete,  practical¬ 
ly  unknown  fifteen  years  ago,  is  today  one  of  our  common 
materials,  yet  our  sole  reliance  for  the  past  and  for  some  time 
to  come  must  be  the  ability  of  our  engineers  to  foresee  and 
reason  out.  rather  than  to  follow  laws  developed  by  actual  ex¬ 
perience.  It  is  a  source  of  regret  that  designers  in  this  field 
have  chosen  to  use  high  values  for  allowable  stresses  in  con¬ 
nection  with  the  assumption  that  all  parts  assist  in  carrying 
the  load.  If  the  concrete  engineer  were  to  design  a  railroad 
bridge,  we  do  not  doubt  that  he  would  figure  the  floor  beams 
as  fixed  ended,  the  stringers  as  continuous,  and  one  chord  as 
aided  by  the  floor  system.  Anyone  who  has  ever  attempted  to 
figure  comparative  estimates  for  protected  steel  and  reinforced 
concrete  buildings  will  at  once  notice  the  difference  in  the  as¬ 
sumptions.  Concrete  with  rods  in  it  is  assumed  to  carry  its 
share  of  the  load;  when  I-beams  replace  the  rods,  it  is  not 
supposed  to  act.  It  is  not  remarkable  under  the  circumstances 
that  concrete  is  cheaper.  A  good  deal  might  be  said  on  both 
sides.  But  the  part  that  interests  us  here  is  that  the  customs  in 
vogue  for  computing  steel  have  been  built  up  as  a  result  of  long 
experience  and  some  failures.  And  a  very  promising  future 
for  the  new  material  will  only  be  injured  by  the  efforts  of  over 
zealous  friends. 

We  feel  a  keen  sense  of  sorrow  for  the  engineer  whose  work 
has  proven  faulty.  Our  effort  here  is  neither  to  injure  by 
harsh  criticism,  nor  to  favor  by  undeserved  excuses,  but  to 
promote  the  welfare  of  the  fraternity  by  reaching  the  true  les¬ 
sons  of  these  catastrophes. 

Failures  are  not  always  the  result  of  ignorance  or  negli¬ 
gence.  Let  us  cite  as  an  instance  the  fall  of  the  Cornwall 
bridge.*  This  carries  a  single  track  railroad  over  the  St. 
Lawrence  River  by  means  of  a  cantilever  and  three  simple 
Pratt  trusses  with  curved  upper  chords  of  368  feet  span.  On 
September  6.  1898,  while  the  erection  crew  were  still  removing 


*  Engineering  News;  Vol.  40,  p.  145,  174,'  419. 
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the  falsework,  one  of  the  center  piers  sank,  carrying  with  it 
the  two  adjacent  spans.  The  fact  that  both  bridges  fell  to¬ 
gether  with  the  masonry  between  them,  pointed  to  the  latter 
as  the  source  of  trouble.  These  piers  were  70  ft.  high.  The 
portion  35  ft.  below  the  water  line  was  1  :  2  :  5  portland 
cement  concrete  laid  under  water  in  a  timber  crib.  Above 
there  was  rock  faced  ashlar  with  a  backing  of  portland  cement 
concrete.  The  crib  had  been  sunk  in  the  soil  until  the  diver  re¬ 
ported  that  hard  pan  had  been  reached. 

Although  borings  are  advisable  in  every  important  struc¬ 
ture,  a  majority  of  engineers  would  doubtless  be  satisfied  under 
the  circumstances.  In  this  particular  case,  the  geological  for¬ 
mation  is  a  soft  glacial  clay  interspersed  with  pockets  of  bould¬ 
ers  and  cemented  gravel.  On  such  a  pocket  of  about  two  feet 
in  thickness,  the  pier  was  founded.  Unquestionably,  it  broke 
through  this  layer  and  settled  in  the  softer  material  under¬ 
neath.  While  the  engineer  did  not  take  the  precautions  that 
he  should,  it  could  hardly  be  called  ignorance  or  negligence. 
In  999  cases  out  of  a  thousand,  his  method  will  give  satis¬ 
factory  results. 

GENERAL  CAUSES  OF  FAILURE 

We  shall  attempt  to  give,  not  only  the  specific  cause  of 
the  accident,  but  also  that  defect  of  engineering  management 
which  contributed  to  the  disaster.  We  shall  not  use  the  fav¬ 
orite  phrase  of  that  Don  Quixote  of  judicial  proceedure,  the 
coroner's  jury,  which  considers  an  accident  an  “Act  of  Provi¬ 
dence.''  It  is  true  that  sometimes  a  bridge  will  fail  which 
would  not  appear  to  be  seriously  overloaded.  But  if  we  as¬ 
sume  a  Divine  Will,  it  would  appear  that  it  is  exerted  rather  to 
uphold  those  frailities  for  which  the  ignorance  and  cupidity 
of  man  are  entirely  to  blame. 

There  is  quite  a  tendency  to  condemn  everything  in  con¬ 
nection  with  a  jol)  that  has  failed.  While  effort  should  be 
made  to  discover  other  errors,  we  shall  keep  our  minds  steadily 
on  the  main  causes.  The  concrete  in  the  Austin,  Pa.  dam  has 
been  blamed  for  its  part  in  the  catastrophe,*  yet  is  was  good 

*  See  Engineering  News  and  Engineering  Record,  subsequent  to  Sept. 
30,  1911,  the  date  of  the  disaster. 
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enough  and  to  have  attempted  to  make  it  better  would  have  been 
a  waste  of  money.  The  bond  was  said  to  be  poor  because  a 
small  portion  of  the  dam  parted  along  these  planes.  That  it 
was  good  enough  is  proven  by  the  fact  that  most  of  the  fractures 
were  irregular.  The  foundation  was  poor,  exceedingly  poor, 
and  this  and  this  alone  was  responsible  for  the  failure. 

The  defects  of  engineering  direction  may  be  classified  as 
follows : 

(1)  IGNORANCE 

(a)  The  employment  of  incompetent  men  in  design  and 
erection.  Fortunately,  the  need  for  experienced  employees  in 
these  branches  of  engineering  is  now  fully  conceded. 

(b)  Supervision  and  maintenance  by  men  without  the 
necessary  intelligence.  The  duties  of  an  engineer  do  not  end 
with  construction  and  this  fact  is  being  appreciated  more  and 
more  every  day.  We  shall  not  dwell  upon  the  evident  desir¬ 
ability  of  his  handling  a  plant  with  every  detail  of  which  he 
is  familiar,  because  it  lies  outside  of  the  scope  of  this  paper. 
We  may  however  be  allowed  to  point  out  the  need  for  his 
services  for  inspection  and  repair.  This  fact  has  been  taught 
by  such  severe  experiences  as  the  disaster  at  Chester,  Mass.,  to 
be  described  later. 

(c)  The  assumption  of  vital  responsibility  by  untrained 
executives  in  charge  of  engineers.  The  broad  functions  of 
management  and  raising  and  disbursing  funds  require  an  official 
for  this  position,  but  he  should  not  interfere  with  the  func¬ 
tions  of  the  designer  and  constructor  unless  thoroughly  com¬ 
petent.  It  should  be  noted  that  the  law  relieves  the  subordinate 
from  responsibility  if  his  work  is  in  any  way  dictated  or  re¬ 
vised.  It  is  not  an  infrequent  case  where  a  client  attempts  to 
meddle  in  an  unwarranted  way  with  engineering  matters.  This 
is  a  situation  that  requires  a  great  deal  of  tact.  However  it 
should  never  be  permitted  for  it  is  a  very  prolific  cause  of 
failure. 

(d)  Competition  without  siipervision.  A  low  bid  on  a 
bridge  or  a  building  without  specific  details  may  be  the  result 
of  the  elimination  of  waste  of  material  and  labor  or  a  scanty 
margin  of  profit.  However  it  is  much  more  probable  that  this 
bid  represents  light  loads,  high  allowable  unit  stresses,  thin 
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material  and  so  forth.  This  is  something  which  we  must  not 

blame  on  the  contractors;  they  are  compelled  to  do  it  or  change 

* 

their  business.  Usually  a  bridge  of  this  kind  stands  up ;  but  it 
is  not  durable  and  it  has  not  that  safety  against  unusual,  or 
increasing,  loads  which  it  should  have;  that  we  have  to  record 
so  few  disastrous  failures  of  this  class  is  at  once  a  satisfaction 
and  a  wonder. 

(e)  Lack  of  precedents.  This  applies  where  the  problem 
is  so  new  that  the  information  for  an  accurate  solution  is  not 
available.  Such  was  the  main  reason  for  the  failure  of  the 
Quebec  bridge.*  At  that  time  and  to  a  certain  extent  still, 
there  was  not  a  sufficiency  of  data  as  to  the  strength  of  large 
compression  members  and  the  methods  of  latticing  them.  Pres¬ 
sure  for  economy  was  also  present  and  the  executive  control 
was  not  wisely  planned,  but  after  all,  it  was  rather  the  fault 
of  the  profession  than  the  failure  of  two  of  our  foremost  en¬ 
gineers. 

(2)  ECONOMY 

(a)  Economy  in  first  cost.  In  a  large  percentage  of  the 
work  undertaken,  there  is  more  or  less  pressure  to  keep  down 
the  cost,  to  save  a  dollar  here,  cut  out  a  pound  or  two  there. 
The  old  story  goes  that  the  Squire  selected  for  his  Jehu,  not 
the  man  who  dared  to  drive  within  six  inches  of  the  edge  of  the 
precipice,  but  the  coachman  who  kept  as  far  away  as  possible. 
The  ideal  engineer,  however,  keeps  as  close  to  the  limit  as  prac¬ 
ticable  without  getting  into  actual  danger. 

(b)  Economy  in  maintenance.  The  same  questions  in 
another  form  occurs,  when,  after  several  years  use,  the  struc¬ 
ture  corrodes  and  deteriorates,  while  perhaps  the  loads  grow 
heavier.  At  just  what  point  shall  it  be  said  that  the  structure 
is  dangerous  and  therefore  unfit  for  service?  Perhaps  the 
necessary  funds  are  hard  or  impossible  to  obtain,  perhaps  vot¬ 
ers  or  directors  refuse  to  appropriate. 

(3)  LAPSES 

As  such  we  shall  term  those  cases  where  an  engineer,  in 
other  respects  careful  and  competent,  has  shown  negligence  in 
a  certain  part  of  his  work.  He  has  made  careful  provision  for 

*See  page  266. 
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vertical  loads,  but  failed  to  care  for  traction,  or  wind,  or  per¬ 
haps  an  uplift  due  to  the  latter.  lie  has  fireproofed  his  col¬ 
umns  and  floors  but  has  neglected  to  protect  the  roof  trusses, 
which,  in  their  failure,  may  bring  down  the  entire  building. 

(4)  UNUSUAL  OCCURR ENCES 

As  such  we  may  mention  earthquakes,  extreme  storms, 
very  high  water,  or  derailment  or  collision  on  a  bridge.  A 
failure  due  to  one  of  these  causes  does  not  imply  any  fault  on 
the  part  of  the  engineer.  For  example  if  all  the  bridges  in 
the  United  States  were  to  he  so  designed  as  to  provide  absolute 
safety  in  the  case  of  derailment  or  collision,  it  would  probably 
cost  more  money  and  more  lives  than  the  accidents  thereby 
prevented.  However  many  can  be  averted  by  the  use  of  an 
efficient  floor  with  guard  rails  and  guard  timbers.  This  is 
not  very  expensive  and  should  always  be  done. 

FAILURES  OF  WOODEN  TRESTLES 

It  is  a  pleasure  to  report  that  no  failure  of  a  steel  viaduct 
has  been  found.  Perhaps  this  is  due  to  the  extra  care  on  ac¬ 
count  of  the  serious  results  of  an  accident,  but  specifications 
for  viaducts  do  not  differ  materially  from  those  for  bridges. 
The  use  of  plate  girders  and  posts  leads  to  a  safe  simple  con¬ 
struction  which  has  become  standardized  in  a  way.  For  wooden 
trestles,  we  regret  to  say  we  are  not  so  fortunate.  There  is  no 
doubt  that  the  main  reason  is  that  they  are  often  entrusted 
to  men  without  technical  training. 

i 

FLAT  CREEK,  TENNESSEE* 

August  22,  1889 

This  insignificant  little  trestle,  about  100  ft.  long  and  20  ft. 
high  was  the  cause  of  very  serious  loss  of  life  and  limb  to  a 
party  of  prominent  business  men  of  Knoxville,  Tenn.  Before 
the  road  had  been  properly  surfaced  and  alined,  an  inspection 
trip  was  made,  in  which  the  rear  car  ran  off  the  track  upon 
this  trestle,  bunching  the  ties  and  falling  into  the  ravine  be¬ 
low.  Ties  were  very  carelessly  spaced,  far  apart,  and  there  was 
neither  guard  rail  nor  guard  timber. 

This  incident  has  been  chosen  because  it  shows  what  a 

*  Engineering  News;  Vol.  22,  p.  198,  232,  255. 
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possibility  there  is  for  trouble  in  comparatively  small  structures. 
It  also  emphasizes,  along  with  other  disasters,  notably  that  at 
Atlantic  City  drawbridge  on  October  28,  1906,  the  need  for  an 
efficient  floor  in  a  railroad  bridge. 


SUPERIOR,  WISCONSIN! 

May  8th,  18*M> 

Here  900  ft.  of  a  1200  ft.  trestle,  98  ft.  high,  fell  under  a 
burden  of  40  loaded  ore  ears  with  their  locomotive.  A  pe¬ 
culiar  fact  was  the  vertically  of  the  fall,  the  37  cars  which 
dropped  remaining  right  side  up  on  the  track  and  in  fairly 
good  alinement.  The  locomotive  was  resting  upright,  its  cab 
end  on  top  of  the  tender.  '  The  trestle,  judging  by  what  re¬ 
mained,  was  a  two  story,  four  post  affair  with  horizontal  long¬ 
itudinal  bracing  at  bottom  and  half  way  up.  Diagonal  brac¬ 
ing  was  provided  transversely  for  each  story  but  there  was 
little,  or  none,  in  a  longitudinal  direction. 

A  derailment,  the  breaking  of  a  stringer,  cap,  or  post, 
or  the  overturning  of  the  bents  as  a  whole,  would  have  disturbed 
in  falling  the  arrangement  of  the  train.  About  t lie  only  reas¬ 
onable  supposition  is  that  all  these  bents  buckled  simultaneously. 
The  construction  also  pointed  to  this  conclusion.  The  sudden 
application  of  the  brakes  might  have  caused  the  disaster  but  the 
plunging  forward  of  the  train  which  we  would  expect  in  this 
event  was  not  present. 

The  customary  specification  that  provision  shall  be  made 
for  a  horizontal  thrust  along  the  track  equal  to  two  tenths 
of  the  load  furnishes  ample  stiffness  for  railroad  bridges.  For 
structures  which  are  not  subjected  to  a  horizontal  force, 
diagonal  bracing  should  be  provided  sufficient  to  carry  a  trans¬ 
verse  force  equal  to  one  thirtieth  of  total  load  on  connected 
columns  when  they  are  considered  as  short  struts.*  To  omit 
this  bracing  is  to  reduce  the  capacity  of  the  columns  to  but  <i 
fraction  of  its  value  when  properly  stiffened.  Whether  a  lapse 
or  the  result  of  ignorance,  is  not  stated. 


AX  UNBRACED  TRESTLE 


An  even  more  striking  example  of  the  same  fault 
corded  in  the  Railroad  Gazette  of  January  27,  1893. 

•{•Engineering  News,  Vol.  41,  p.  374. 

*  See  “Structural  Design”,  by  the  author,  Vol.  I,  p.  Ifi6. 
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was  a  trestle  812  ft.  long  with  a  maximum  heighth  at  center  of 
131  ft.  Except  for  the  usual  batter  posts  and  some  longitudinal 
struts,  it  had  neither  transverse  nor  longitudinal  bracing.  See 
Fig.  1.  Moreover  as  the  longitudinal  struts  did  not  connect 
with  the  soil  at  either  end,  they  had  very  little  value.  The 
entire  trestle  collapsed  when  the  engineer  on  the  pusher  sud¬ 
denly  opened  the  throttle  valve. 


Fig.  1.  A  Trestle  without  Bracing. 

It  is  very  surprising  that  structures  of  this  sort  will  stand 
so  long  and  that  engineers  can  be  found  who  will  be  responsible 
for  them.  Nevertheless  they  exist  in  other  material  than  wood 
and  in  localities  from  which  better  engineering  might  be  ex¬ 
pected. 

FAILURES  OF  SHORT  SPAN  RAILROAD  BRIDGES 

We  have  divided  Failures  of  Railroad  Bridges  into  two 
parts ;  those  of  short  and  long  spans.  There  is  little  difference 
in  the  governing  principles,  but  the  latter  are  usually  designed 
by  the  very  best  of  engineering  talent  and  the  faults  there  de¬ 
veloped  are  much  more  likely  to  be  those  of  the  whole  pro¬ 
fession.  In  this  connection  it  may  be  noted  that  there  is  about 
as  much  chance  for  trouble  and  loss  of  life  in  a  short  span 
bridge. 

It  is  interesting  to  note  that  in  spite  of  the  frequent  and 
increasing  use  of  plate  girders,  we  have  found  but  few  acci¬ 
dents  and  these  are  of  minor  importance.  A  careful  exami¬ 
nation  of  the  list  of  failures  will  confirm  the  favorable  opinion 
of  engineers  concerning  their  safety  and  reliability. 
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TARIFFVILLE,  CONNECTICUT* 

January  15,  1878 

We  will  mention  briefly  this  disaster  because  it  is  a  case 
of  downright  neglect  and  incompetency.  This  was  a  typical 
Howe  Truss  bridge  of  164  ft.  span.  It  had  16  panels  of  10  ft. 
3  in.,  trusses  16  ft.  6  in.  center  to  center,  chords  21  ft.  0  in. 
apart  on  centers.  So  far  as  it  is  known  the  construction  was 
typical  but  not  strong  enough,  and  the  timber  had  deteriorated 
badly.  It  broke  when  fully  loaded  with  an  excursion  train,  in¬ 
dicating  probable  weakness  in  the  chords.  The  train  was  head¬ 
ed  by  two  locomotive  said  to  be  travelling  six  or  eight  miles 
per  hour.  Among  the  gems  from  the  report  of  the  coroner’s 
jury  we  quote: 

“We  are  of  the  opinion  that  placing  an  additional  engine 
on  the  track  in  advance  of  the  train  when  deemed  necessary 
is  not  censurable  but  any  bridge  that  would  not  carry  two  lo¬ 
comotives  ought  not  to  carry  one.” 

“The  iron  suspension  rods  from  being  overstrained,  or 
from  some  other  cause,  had  lost  their  sustaining  power.” 

ASHTABULA,  OHIOt 
December  29,  1876 

This  disaster  occurred  at  8 :00  P.  M.  in  the  midst  of  a 
blinding  snowstorm,  as  the  train,  consisting  of  two  engines  and 
eleven  coaches  was  slowly  passing  over  the  bridge.  The  break 
occurred  under  an  engine  in  about  the  second  panel,  all  but 
the  first  locomotive  falling  nearly  vertically  into  the  chasm 
below. 

The  bottom  chord  was  intact  after  the  accident  and  the 
verticals  proved  ample  when  tested,  see  Fig.  2.  The  com¬ 
pression  members,  that  is  the  top  chords  and  diagonals  were 
very  weak  due  to  the  absence  of  any  latticing.  Details  for  the 
transmission  of  stress  into  the  top  chord  were  also  poor. 
Probably  one  of  these  faults  caused  the  disaster,  but  it  might 
also  have  been  due  to  a  slipping  of  one  member  from  its  proper 
position,  friction  being  relied  on  largely  to  hold  the  members  in 
place.  The  bridge  had  Howe  trusses,  built  nevertheless  of  iron, 

•  Engineering  News,  Vol.  5,  p.  39,  73,  74. 

fSee  Engineering  News;  Vol.  4,  p.  7,  11,  19,  23,  35,  67;  Trans.  Am.  Soc. 
C.  E.;  Vol.  6,  p.  74.  Also  “Report  of  Joint  Committee  concerning  the 
Ashtabula  Disaster.” 
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with  14  panels  of  11  ft.  each,  16  ft.  6  in.  center  to  center  of 
trusses  and  19  ft.  9  in.  center  to  center  of  chords.  It  was 
among  the  first  of  the  iron  bridges  and  its  construction  was  pat¬ 
terned  after  the  wooden  Ilowe  trusses.  The  bottom  chords  were 
made  of  5  in.  by  1%  in.  with  greater  dimension  horizontal. 
Verticals  were  of  eight  rods,  upset  and  threaded  at  the  ends. 
The  top  chord  except  for  end  panel  length,  was  56  in.  I- 
beams  with  vertical  webs.  These  were  braced  together  by 
spools ,  one  to  a  panel  length.  Elsewhere  they  were  held  by 
friction  only.  The  diagonals  and  counters  were  of  similar  com¬ 
position,  fastened  together  at  their  intersection.  The  floor  of 
the  bridge  consisted  of  8  in.  by  5  in.  oak  ties,  two  inches  apart 
in  the  clear,  and  two  or  three  7  in.  by  14  in.  white  pine 
stringers  on  6  in.  I-beams  spaced  three  to  a  panel.  Top.  bottom, 
and  sway  bracing  were  provided.  Material  and  shop  work¬ 
manship  were  good. 


The  data  in  above  out  was  taken  from  the  description  in  the  paper 
published  by  the  American  Society  of  Civil  Engineers.  Through  the  kind¬ 
ness  of  Mr.  T.  H.  Johnson,  an  engineer  of  the  original  investigating  com¬ 
mittee.  the  author  was  enabled  to  see  the  original  report.  According  to  this, 
which  is  probably  much  more  authentic,  there  were  four  diagonals  in  thiid 
panel  and  two  in  seventh  instead  of  the  number  shown  above. 

The  president  of  the  railroad,  a  former  contractor,  super¬ 
vised  and  erected  the  bridge.  He  quarreled  with  the  only 
technical  help  which  he  had,  it  is  said  about  the  very  point 
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which  was  probably  responsible  for  its  fall.  The  inspection 
department  of  the  railroad  must  certainly  have  been  negli¬ 
gent  in  not  discovering  the  weaknesses  of  this  structure  in  ten 
years  usage.  It  seems  <juite  odd  that  it  should  have  been  up 
so  long  and  then  fail  under  a  slowly  applied  load  on  one  track. 

BUSSEY  BRIDGE,  BOSTON,  MASSACHUSETTS* 

March  14.  1887 

This  skew  structure  of  somewhat  peculiar  construction  was 
located  at  Forest  Hills  near  Boston,  Mass.  The  double  lattice 
truss  on  one  side  had  a  depth  of  12  ft.  6  in.  and  16  panels  of 
6  ft.  6  in.,  while  the  other,  17  ft.  away,  was  a  Pratt  truss  of 
four  panels  of  26  ft.  0  in.  and  a  depth  of  16  ft.  0  in.  They  were 
pin  connected,  had  wrought  iron  members  with  cast  iron  con¬ 
nection  pieces.  Floor  beams  and  stringers  were  trussed.  The 
pin  at  the  hip  of  the  Pratt  truss  connected  to  the  pin  through 
the  web  of  the  floor  beam  by  a  hanger.  This  was  a  in  hh  <1 
hanger  and  received  an  eccentric  loading  see  Fig.  3. 


Fig.  3.  Hip  Joint  in  Bussey  Bridge. 

Under  a  moderate  load  at  a  speed  of  30  mi.  per  hr.,  the 
bridge  collapsed,  the  initial  break  occurring  at  the  hanger.  \  n- 
doubtedly  the  engine  caused  the  failure  but  it  and  the  ears 
immediately  behind  passed  over  in  safety.  Of  the  eleven  pass¬ 
enger  coaches,  seven  fell  in  the  gap  and  there  was  a  very  heavy 
list  of  deaths  and  injuries. 

This  is  a  case  of  incompetence  in  design  and  inspection. 
But  on  behalf  of  the  railroad  company  we  must  urge  that  it 
occurred  before  the  danger  had  been  fully  appreciated.  This 
was  one  of  the  facts  driven  home  by  this  catastrophe.  Another 
was  that  no  reliance  for  principal  stresses  should  1m*  placed 
upon  a  welded  joint. 

*  See  Engineering  News;  Vol.  17.  p.  181.  et  seq. 
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CHESTER,  MASSACHUSETTS* 

August  31,  1893 

The  bridge  at  Chester,  Mass,  was  a  double  track  through 
riveted  lattice  structure  with  eleven  panels  of  9  ft.  8  in.  mak¬ 
ing  a  total  of  about  106  ft.  in  length.  On  the  above  date,  a 
gang  of  four  workmen  and  a  boss  were  engaged  in  strengthening 
it.  The  top  chord  consisted  originally  of  two  web  plates,  two 
angles,  and  either  latticing  or  one  or  two  cover  plates.  The 
laborers  cut  off  the  heads  of  the  rivets,  drove  out  the  remainder, 
bolted  up,  then  placed  and  riveted  up  the  necessary  additional 
cover  plates.  The  day  of  the  disaster  the  men  ‘‘busted’*  the 
the  rivets  for  ten  or  twelve  feet  along  the  top  chord,  expecting  to 
fill  them  with  bolts  later.  Before  this  was  done  however  they 
were  called  away  for  other  purposes  and  then  went  to  dinner. 
While  so  engaged,  the  Chicago  Express  passed  over  the  bridge 
at  a  speed  of  twelve  miles  per  hour,  breaking  it  down. 


%  -V  * 

Fig.  4.  Section  of  Top  Chord,  Chester  Bridge. 

Although  the  top  chord  had  poor  sectional  bracing,  as  dis¬ 
cussed  later  for  the  Basel  bridge,  it  was,  when  riveted  up,  strong 
enough  for  any  loads  which  might  have  come  upon  it.  With 
the  fastening  cut  out  as  mentioned,  it  became  three  separate 
parts  for  which  the  slenderness  ratio  was  so  large  that  the 
member  had  very  little  strength  in  compression.  This  accident 
resulted  from  negligence  and  ignorance  in  maintenance. 

I 

basel,  Switzerland! 

June  14,  1891 

Near  this  place  occurred  what  is  possibly  the  worst  disaster 
in  the  history  of  metallic  bridges.  The  Basel  bridge  was  a 
skew  through  single  track  structure  of  about  138  feet  span. 
Trusses  were  of  the  Warren  type  with  subverticals,  15  ft.  6  in. 
center  to  center,  20  ft.  6  in.  deep  and  had  12  panels,  each  11  ft. 

*  See  Engineering  News;  Vol.  30,  p.  192,  et  seq. 
fSee  Engineering  News;  Vol.  26,  p.  1,  90,  123,  609. 
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6  in.  The  members  were  riveted  as  is  the  universal  custom  in 
Europe.  Sections  employed  are  seen  in  Fig.  5.  These  show  an 
entire  disregard  for  the  important  truth  that  every  part  of  a 
column  must  be  rigidly  held  to  its  duty.  We  do  not  know  any 
place  except  roof  trusses  where  such  sections  are  any  longer 
tolerated.  Another  grave  fault  was  the  eccentricity  of  some  of 
the  joints.  The  floor  much  resembled  current  American  practice. 
The  bridge  was  designed  by  a  European  engineer  of  interna¬ 
tional  reputation. 


Z'D.tit  Pis  ioo»«o 


Struts  z  t>  70/47 !(o  \occo 


Fig.  5.  Strain  Sheet  Basel  Bridge. 


At  the  time  of  the  accident,  a  heavy  excursion  train,  travel¬ 
ing  15  mi.  per  hr.,  and  headed  by  two  engines,  had  just  reached 
across  the  bridge  when  it  fell,  the  train  remaining  inside  the 
trusses.  Some  time  before  the  corner  of  the  bridge  had  been 
washed  out  and  the  resulting  torsional  strains  had  cracked  the 
metal  to  quite  an  extent.  However,  it  had  been  repaired  and 
was  supposed  to  be  as  good  as  new. 

This  accident  has  never  been  satisfactorily  explained  but 
the  following  manifest  truths  are  presented : 

(a)  The  abutments  were  not  displaced. 

(b)  It  was  not  a  derailment  as  no  marks  were  found  on 
the  ties. 

(c)  The  wreckage  after  the  fall  indicates  quite  clearly 
that  it  was  not  the  fault  of  the  floor. 

(d)  The  material  was  brittle  and  otherwise  poor. 
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(e)  Computations  showed  stresses  ranging  from  10  000 
to  14  000  11).  per  sq.  in.,  which  are  too  high  for  such  sections. 

The  Engineering  News  decided  that  failure  occurred  in 
the  end  posts;  the  Swiss  engineers  thought  that  original  breaks 
occurred  in  bottom  chord  on  one  truss  near  the  middle.  An 
additional  possibility  which  agrees  very  well  with  design  and 
appearance  of  wreckage  is  that  the  entire  top  chord  and  its 
laterals  buckled.  Despite  the  prominence  of  the  designer,  we 
shall  have  to  consider  this  as  a  case  of  ignorance  or  negligence. 

EASTON,  PENNSYLVAN I A  * 

1904 

Railroad  engineers  may  often  be  heard  to  speak  scoffingly 
about  the  engineering  displayed  in  highway  bridges.  But  the 
one  at  Easton  not  only  successfully  withstood  the  flood  which 
washed  out  the  foundations  of  the  railroad  bridge  nearby  but 
it  carried  in  addition  the  weight  of  its  weak  sister.  It  is  to  be 
regretted  that  the  structure  which  has  done  such  yeoman  service 
has  since  been  displaced  by  reinforced  concrete  arch. 

FAILURES  OF  LONG  SPAN  RAILROAD  BRIDGES 

The  bridges  here  considered  are  those  of  the  first  magni¬ 
tude  ;  both  had  very  best  of  engineering  talent ;  and  both  failed 
completely.  On  the  other  hand  let  us  note  that,  notwithstanding 
the  number  and  publicity  of  such  enterprises,  they  are  about 
the  only  ones  which  are  known  to  have  thus  failed ;  that  their 
magnitude  involves  many  new  problems ;  and  in  both  there  was 
a  great  deal  of  pressure  for  economy.  Further  both  have  in 
their  failure  given  important  information  to  the  profession. 

TAY  BRIDGE,  SCOTLAND! 

December  29,  1879 

The  Tay  Bridge,  erected  in  the  seventies,  was  for  that  time 
and  place,  a  structure  of  unusual  magnitude.  And  indeed  it 
w'as  in  the  aggregate  quite  an  undertaking.  The  Firth  of  Tay 
is  a  stormy  turbulent  arm  of  the  North  Sea,  situated  on  the  east 
coast  of  Scotland.  The  railway  as  built  was  about  90  ft.  above 
high  water  at  its  highest  point.  This  was  considered  desirable 

*  See  Engineering  Record,  Oct.  1,  1904,  Vol.  50,  p.  406. 
fSee  Engineering  News,  Vol.  7,  p.  1  et  seq. 
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rather  than  a  low  level  bridge  with  draw  span  to  provide  tor 
navigation.  The  structure  consisted  of  So  spans  ranging  from 
27  to  245  ft.  long  with  a  total  length  of  10  421  ft.  Various 
types  of  trusses  were  employed,  the  most  common  being  small 
riveted  latticed  girders.  The  thirteen  long  spans  of  245  ft.  were 
through,  but  most  of  the  others  were  deck.  The  trestle  towers. 
Fig.  6,  in  particular,  will  claim  our  attention.  The  ends  of  two 
adjoining  trusses  rested  on  a  group  of  six  hollow  cast  iron 
posts,  arranged  hexagonally  and  braced  horizontally  in 
the  interior  and  vertically  on  all  exterior  sides.  They 
were  made  in  ten  foot  lengths,  bolted  together,  and  filled 
with  portland  cement  concrete.  The  struts  of  tin*  exterior 
bracing  were  two  6  in.  channels;  the  diagonals.  4'_>  in.  by  l/j 
in.  These  were  attached  to  the  columns  by  means  of  a  lug  on 
either  side  of  the  bar  which  had  1%  in.  holes  for  ll/$  in.  bolts 


d\qh  ri 


Detaitaof  Bracing 

Toy  Briclqe 


Plan  of  Tower 


t 


a  Water 


Fie.  6.  Towers  for  Tnv  Bridge. 


On  the  evening  of  December  29th,  187!),  one  of  the  worst 
storms  which  ever  visited  that  section  of  the  country  was  rag¬ 
ing.  A  retired  sea  captain  who  had  traveled  all  over  the  world 
said  he  had  never  seen  the  like.  Such  was  the  weather  when 
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the  express  for  Dundee  stopped  and  received  permission  to  cross 
the  bridge.  Not  one  of  the  79  souls  on  board  was  ever  seen  alive 
again.  A  few  who  had  watched  its  progress  reported  that  they 
saw  it  disappear. 

The  fact  that  the  bridge  had  failed  during  such  a  storm, 
and  that  the  spans  most  exposed  to  its  fury  had  gone,  led  at 
once  to  the  theory  that  it  was  the  cause  of  the  disaster.  The 
wreckage  indicated  quite  clearly  that  the  bridge  was  blown 
over.  Also  the  trusses  practically  intact,  with  the  train  still 
inside  was  found  jujst  to  the  leeward,  a  failure  due  to  the 
trusses  would  have  pulled  them  over  towards  center  of  fall. 
And  finally,  it  may  be  figured  out  that  the  pressure  of  40  lb. 
per  sq.  in.  was  just  about  the  ultimate  strength  of  the  towers 
in  question. 

Among  the  interesting  points  brought  out  by  this  accident, 
we  may  name : 

(a)  The  wind  pressure  there  developed  is  that  for  which 
most  structures  are  now  designed. 

(b)  The  need  for  battered  towers  for  high  bridges. 

(c)  The  utter  unreliability  of  cast  iron  for  situations  re¬ 
quiring  connections  and  possible  bending  stresses. 

This  must  be  classified  as  a  lapse  on  the  part  of  an  intelli¬ 
gent  engineer,  who  otherwise  showed  care  and  judgment  in  an 
enterprise  that  had  no  parallel  at  that  time. 

THE  QUEBEC  BRIDGE* 

August  29,  1907 

The  disaster  to  the  Quebec  Bridge  is  still  so  fresh  in  our 
minds  that  there  is  no  need  to  describe  it,  although  some  features 
deserve  more  attention.  In  beginning  we  cannot  do  better  than 
to  quote  a  paragraph  from  the  Engineering  News. 

“For  it  cannot  be  said  in  this  case  that  the  disaster  was 
due  to  the  work  of  incompetent  men  who  posed  as  engineers. 
Often  it  has  happened,  where  an  engineering  work  has  failed, 
that  the  failure  has  been  traced  to  the  blunders  of  some  quack 
wearing  the  professional  garb.  But  at  Quebec  the  work  was 
in  charge  of  men  of  long  experience  and  the  highest  professional 

*  See  Engineering  News  and  Engineering  Record  of  subsequent  dates. 

Also  report  of  “Royal  Commission  Quebec  Bridge  Inquiry.” 
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standing;  so  much  the  more,  therefore,  must  the  profession  hear 

the  responsibility. *  ’ 

The  primary  cause  was  undoubtedly  weak  latticing,  helped 
somewhat  by  the  fact  that  its  own  dead  weight  was  under 
estimated.  These  are  so  well  understood  that  further  comment 
is  superfluous.  We  do  wish  to  dwell  however  on  some  matters 
which  have  not  received  their  due  emphasis. 


Pig.  7.  Quebec  Bridge  Failure. t 

General  view  from  the  anchor  pier  northwards.  Note  the  unbroken 
lines  of  the  upper  chord. 


(a)  1  he  gradual  failure  of  the  bridge  which  should  hart 

carried  its  own  warning :  For  not  less  than  three  weeks  pre¬ 
vious,  bends  in  the  bottom  chord  had  been  noticed.  Two  days 
before  the  disaster  the  inspector  reported  to  t lie  engineer  that 
A9L  had  increased  its  deflection  from  in.  to  21  \  in.  What 
more  need  we  say?  Any  educated  engineer  knows  that  when  a 
column  begins  to  show  a  perceptible  bend  under  its  loads,  failure 
is  not  far  off. 

t  Reproduced  from  Report  of  RoyaJ  Commission.  Quebec  Bridge  Inquiry. 
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(b)  Improper  division  of  responsibility  at  site :  Had  this 
been  well  arranged  the  alarming  evidence  just  named  would 
have  been  properly  appreciated.  As  it  was  there  was  a  nominal 
Chief  Engineer  on  the  spot  without  the  requisite  technical 
knowledge.  The  real  Chief  Engineer  was  600  miles  away  and 
had  never  seen  the  job.  There  was  a  division  of  opinion  among 
the  subordinates  about  the  buckling,  some  contending  that  it 
was  in  when  the  chord  left  the  shop. 


Fig.  8.  Quebec  Bridge  Failure. t 

View  of  the  shop  splice  between  panels  9  and  10,  left  truss  anchor  arm. 
Note  the  bend  in  chord  A  9  L. 


(c)  The  fall  teas  due  to  a  quiescent  load :  Note  again 
that  there  was  little  or  no  impact,  the  load  being  very  largely 
dead,  also  that  the  failure  began  several  weeks  before. 

(d)  The  unit  stress  at  time  of  failure  was  18  000  lb.  per 
sq.  in. :  This  was  not  a  chance  failure,  for  other  chords  near  by 
were  giving  signs  of  distress,  indicating  very  clearly  that  they 
had  nearly  reached  their  ultimate  strength.  Also  tests  sub¬ 
stantiated  the  above  statement,  a  model  one-third  size  showing 
22  lf*0  lb.  per  sq.  in.  ultimate.  A  strengthened  section  failed  at 

^Reproduced  from  Report  of  Royal  Commission, •  Quebec  Bridge  Inquiry. 
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30  525  lb.  per  sq.  in.  On  large  compression  members  then  w<* 
cannot  well  rely  on  more  than  25  000  and  to  introduce  the  proper 
'factor  of  safety,  unit  stress  under  the  heaviest  loading  should 
not  exceed  18  000  lb.  per  sq.  in.  reduced  by  a  suitable  com¬ 
pression  formula. 

This  failure  is  to  be  classified  as  due  to  attempts  to  economize 
combined  with  a  lack  of  knowledge  of  capacity  of  large  com¬ 
pression  members  and  details  to  fully  develop  their  strength. 

FAILURES  OF  HIGHWAY  BRIDGES 

While  there  have  been  some  failures  of  the  many  flimsy 
structures,  the  small  loss  of  life  is  nothin"  short  of  wonderful. 
From  a  report  for  1896  by  Mr.  Stowell,  appearing  in  the  En¬ 
gineering  News,  we  glean  a  number  of  interesting  facts.  Heavy 
loads  and  old  rotten  bridges  will  explain  most  of  these  accidents. 
It  is  mentioned  that  one  bridge  fell  down  when  a  stray  cow 
ventured  on  it.  Nothing  daunted  a  stronger  structure  was  put 
up  by  the  borough  fathers  and  it  survived  until  some  foolhardy 
individual  attempted  to  haul  a  load  of  wood  across.  One  bridge 
is  reported  to  have  collapsed  under  the  weight  of  a  lone  darky. 
Retributive  justice  failed,  as  it  often  does,  for  he  escaped  without 
a  scratch.  Several  accidents  were  due  to  crowds,  a  drove  of 
cattle,  a  political  parade,  people  watching  a  fire,  or  returning 
from  church. 

Is  it  not  apparent  to  all  engineers  that  a  country  bridge 
without  proper  design  or  supervision  possesses  all  the  possibili¬ 
ties  for  some  frightful  accident  which  will  outdo  the  Ashtabula 
horror  or  the  accident  to  the  Austin  Dam? 

VICTORIA,  B.  C-* 

May  26,  1896 

A  disaster  somewhat  approaching  these  in  magnitude  did 
occur  at  Victoria,  B.  C.  This  is  the  old  story  of  a  bridge  built 
and  no  doubt  properly  built  for  light  loads,  and  then  subjected 
to  heavy  electric  cars  without  proper  engineering  supervision 
and  inspection.  The  bridge  itself,  built  in  1885,  had  through 
combination  Whipple  trusses  20  ft.  center  to  center;  each  being 
25  ft.  deep  and  having  eight  panels  of  18  ft.  9  in.  Compression 

*  See  Engineering-  News,  Vol.  35,  p.  394;  Vol.  36.  p.  12. 
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members  were  of  Douglas  fir,  counters  of  rods,  and  other  tension 
members  of  bars.  The  floor  was  of  3  in.  by  12  in.  joists  under 
three  inch  plank  laid  diagonally,  the  rails  resting  on  two  10  in.  * 
by  12  in.  at  the  side  of  the  bridge.  The  wooden  floor  beams 
were  each  of  one  12  in.  by  18  in.  timber.  Three  years  before 
one  of  these  floor  beams  broke  and  five  of  them  were  replaced, 
not  however  the  one  which  later  caused  the  catastrophe.  The 
car,  a  very  heavy  one,  weighing  with  140  passengers  about 
30  000  lb.,  broke  off  the  partially  rotted  end  of  the  floor  beam 
and  hit  the  truss,  causing  entire  collapse.  55  lives  were  lost. 

The  city  engineer  testified  that  he  was  practically  only  an 
employee  of  the  councils;  that  his  functions  were  purely  ad¬ 
visory;  and  that  his  other  duties  left  him  no  time  to  inspect 
bridges.  In  fact  it  does  seem  that  the  work  was  entrusted  to 
the  city  carpenter,  for  he  had  reported  the  previous  year  that 
the  bridge  was  in  good  condition.  On  the  other  hand,  the  en¬ 
gineer  had  recommended  steel  floor  beams  and  had  advised 
against  the  use  of  the  heavy  car. 

ST.  PAUL,  MINNESOTA* 

August  20,  1904 

On  this  evening  a  tornado  of  exceptional  severity  passed 
through  the  states  of  South  Dakota  and  Minnesota.  Wind 
pressure  is  conveniently  treated  as  a  uniform  horizontal  force 
equivalent  on  a  vertical  surface  to  about  40  lb.  per  sq.  ft.  as  a 
maximum.  On  this  and  other  occasions  differences  from  these 
assumptions  are  noticed.  The  excessive  pressure  of  the  wind 
seems  to  come  in  gusts  covering  small  areas.  There  appears 
at  times  to  be  a  certain  suction  exhibited  which  tends  to  tear 
the  buildings  apart.  It  is  probable  that  the  wind  varies  a  great 
deal  from  the  horizontal.  The  upward  pressure  is  more  im¬ 
portant  since  its  consideration  is  often  omitted  and  these  are 
just  the  structures  which  suffer.  For  example  4he  Tenth  Ave. 
bridge  at  Minneapolis,  Minn.,  was  stripped  of  its  flooring.  The 
structure  itself,  an  old  fashioned  bridge  which  had  been  con¬ 
demned,  rode  out  the  gale.  The  Smith  bridge  crossing  the  Mis¬ 
sissippi  River  at  St.  Paul  was  a  much  more  modern  structure. 
It  was  a  viaduct  2770  ft.  long  and  about  160  ft.- above  the 
river.  Beginning  at  the  south  end,  there  were  two  60  ft.  plate 
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girder  spans,  one  170  ft.  deck  Baltimore  truss,  then  four  250 
ft.  deck  Baltimore  trusses.  The  first  four  spans  were  blown 
down  with  the  towers  and  bents  which  supported  them.  The 
condition  of  the  wreck  would  lead  one  to  believe  that  it  over¬ 
turned  at  the  ba^e.  There  was  a  great  deal  of  carelessness 
about  nuts.  Many  of  the  bolts  on  which  the  designer  evidently 
depended  for  the  stability  of  the  bridge  were  missing. 


CrO£>S 

Sec+ton 


Fig.  9.  Sketch  of  wrecked  portion  of  Smith  Ave.  Bridge,  St.  Paul,  Minu.t 

Tornado  of  Aug.  20,  1904,  approached  from  West.  Double  arrows  at 
tower  legs  In  plan  indicate  direction  of  expansion  movement. 


Whether  to  classify  this  as  a  lapse  or  a  fault  of  maintenance 
we  are  uncertain.  It  is  doubtful  if  half  of  the  bridges  being 
built  at  present  will  show  the  proper  security  at  all  points 
against  wind  and  tractive  forces  without  taking  friction  into 
account. 


LOSS  OF  BUILDINGS  BY  FALL 

We  will  consider  here  only  tall  building  construction.  Many 
useful  lessons  might  be  derived  from  other  varieties  of  buildings 
but  our  space  is  too  limited  for  their  presentation.  The  freedom 
of  steel  office  buildings  from  failure  is  noteworthy.  Two  acci¬ 
dents  will  be  considered  but  both  had  cast  iron  columns.  As  in 

fReproduced  from  Engineering  News,  Vol.  62. 
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bridges  the  result  has  been  to  largely  eliminate  cast  iron  for 
situations  of  this  sort. 

IRELAND  BUILDING,  NEW  YORK  CITY* 

August  8,  1895 

The  Ireland  was  to  have  been  an  eight  story  building,  50 
by  100  ft.  in  plan  at  the  comer  of  Broadway  and  West  Third 
St.  It  had  exterior  load  bearing  walls ;  interior  cast  iron  hollow 
circular  columns;  and  iron  or  steel  framing,  supporting  fire¬ 
proof  floors  and  roof.  When  the  building  was  nearly  finished, 
two  interior  panels,  each  20  by  50  ft.,  collapsed. 


An  investigation  showed  many  faulty  features.  The  col¬ 
umns  were  eccentric,  brittle,  and  full  of  flaws.  Many  details 
were  skimped  to  economize  and  foundation  was  made  on  filled 
material.  A  particularly  poor  place  occurred  under  the  column 
which  failed.  Here  an  old  cistern  was  encountered  at  the  height 
of  the  foundation  bed.  This  was  broken  open  and  a  concrete 
pillar  inserted.  The  foot  thus  rested  on  three  distinct  beds:  A. 
concrete  pillar  on  natural  soil ;  the  walls  of  the  cistern ;  natural 
soil  itself.  The  stone  used  as  a  base  was  very  poor  material. 
A  heavy  rain  the  day  before  undoubtedly  made  a  bad  matter 
worse.  The  inability  of  the  masonry  base  to  carry  its  flexural 
stresses  caused  it  to  crack  into  four  parts  and  allow  the  cast  iron 
columns  to  be  forced  into  the  soil  a  distance  of  seven  feet. 

It  is  hard  to  say  whether  the  accident  was  due  to  incompe¬ 
tency  or  attempts  to  economize.  The  weight  of  evidence  favors 
the  latter. 

*  See  Engineering  News,  Vol.  34,  p.  Ill,  127,  140,  142. 
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HOTEL  DARLINGTON,  NEW  YORK  CITY* 

March  2,  1904 

This  structure  was  designed  to  be  144  ft.  high,  with  12 
stories  and  a  basement  above  the  foundations.  The  plan  was 
rectangular  with  a  light  court  above  the  first  floor.  The  build¬ 
ing  was  of  the  “Cage’'  construction,  wall  girders  however  lieing 
generally  omitted.  The  hollow,  square  cast  iron  columns  varied 
from  six  inches  outside  with  ^4  in  thickness  to  nine  inches  with 
one  inch  metal.  They  were  bolted  together  by  outstanding 
flanges  on  two  sides  only.  The  framing  plan  was  much  like  that 
of  the  typical  office  building  except  that  the  steel  beams  wen* 


K . - . - . j . 100 '5" . - >i 


Fig.  11.  Typical  Floor-Plan  of  Darlington  Apartment  House.t 

rather  light  and  that  in  many  cases  the  posts  were  connected 
to  the  floor  in  one  direction  only.  This  connection  was  made  by 
two  bolts  to  a  lug  at  the  side,  at  the  same  time  allowing  the 
beam  to  rest  upon  a  bracket.  The  floor  arches  were  of  cind  »r 
concrete  and  the  exterior  walls  of  brick.  There  was  no  diagonal 
or  knee  bracing. 

At  the  time  of  the  accident,  the  iron  work  was  up  to  tin* 
tenth  floor;  concrete,  to  the  eighth,  and  brickwork  to  the  fourth. 
One  one  of  the  upper  stories  was  located  a  derrick  and  steel  yet 
to  be  erected.  The  structure  had  shown  a  decided  lack  of 
stiffness.  At  one  time  it  was  a  foot  or  two  out  of  plum  but  was 

fReproduced  >from  Fin gl reefing:  News,  Vol.  RL 
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pulled  back  into  line  with  a  block  and  tackle.  The  accident 
began  by  a  swaying  of  the  columns,  one  of  which  failed  about 
the  fourth  floor,  causing  the  building  to  collapse.  A  surprising 
feature  of  the  fall  was  its  verticality,  the  wreckage  being  con¬ 
fined  largely  to  the  location  of  the  building  itself. 


Fin lshed  floor  line. 
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Fig.  12.  Typical  Column  of  Darlington  Building.t 

Foundations  were  uninjured  and  boilers  were  whole,  so 
neither  of  these  were  responsible.  The  case  is  a  parallel  to  those 
already  mentioned  for  trestles  and  has  the  same  cause,  i.  e.  a 
lack  of  proper  diagonal  bracing.  This,  it  will  be  noted,  would 
have  been  remedied  in  a  way  by  brick  walls  and  solid  floors 
after  the  building  was  finished.  Among  the  many  contributing 

fReprodueed  from  Engineering  News,  Vol.  61. 
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causes,  we  name:  Numerous  cases  of  eccentric  stresses;  careless¬ 
ness  in  loading  floors;  loose  bolting  of  members;  and  above  all, 
the  use  of  cast  iron  in  a  building  where  it  would  have  to  bear 
eccentric  and  bending  stresses  to  a  certain  degree.  Still  it  is 
probable  that  it  would  have  stood  like  many  others  of  its  class, 
had  it  been  intelligently  erected  and  supervised. 

Cast  iron  should  not  be  employed  and  wind  bracing  should 
not  be  omitted  in  high  building  construction.  This  may  be 
classified  as  a  case  of  ignorance  or  negligence  in  design  and 
erection. 

LOSSES  IN  BUILDINGS  DUE  TO  FIRE 

Losses  from  fire  may  be  in  life  or  property.  Both  are 
much  larger  than  they  need  be;  the  governing  laws  are  so  well 
known  that  painstaking  care  and  perpetual  vigilance  will  largely 
eliminate  them.  No  doubt  the  source  of  fire  and  t lie  material 
'to  burn  will  always  be  present.  But  the  proper  design  and 
maintenance  of  a  structure  which  is  really  fireproof  will  make 
the  loss  negligible  for  an  inside  fire.  The  exterior  conflagration, 
exposing  the  building  to  a  heat  at  many  points  is  a  more  serious 
problem.  The  preservation  of  life  consists  in  allowing  ample 
exits  which  under  no  circumstances  can  be  blocked  by  the  flames. 
Nevertheless  we  have  two  disasters  in  fireproof  buildings  result¬ 
ing  in  a  large  loss  of  life:  the  Asch  Building  in  New  York  with 
its  toll  of  145  lives  on  March  25,  1911 ;  and 

IROQUOIS  THEATER,  CHICAGO,  ILLINOIS* 

December  30,  1903 

During  the  matinee  performance  on  above  date  occurred  a 
fire  in  which  566  persons  perished.  The  curious  part  of  it  all  is 
that  the  building,  itself  a  fireproof  structure,  was  very  little 
damaged.  The  construction  of  this  theatre  was  along  conven¬ 
tional  lines  but  there  was  a  combination  of  unfortunate  circum¬ 
stances.  Most  important  of  all  was  the  fact  that  the  skylights 
above  the  stage  were  barred  shut  although  designed  to  open 
automatically  in  case  of  fire.  On  the  other  hand,  the  ventilator 
in  the  rear  was  open.  This  arrangement  might  be  compared  to 
a  locomotive  boiler :  the  ventilators  in  the  rear,  the  smoke¬ 
stack;  the  auditorium,  the  fire-box;  the  stage  where  the-  fire 

*  See  Engineering  News,  Vol.  51,  p.  13,  21,  34,  60.  65. 
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originated,  the  furnace.  A  number  of  lesser  mistakes  aggre¬ 
gated  the  trouble.  There  was  a  lack  of  provision  for  the  prompt 
handling  of  small  fires  ;  the  asbestos  fire  curtain  would  not  work 
properly,  and  the  exits  were  poorly  placed. 


Fisr.  13.  Plan  and  Section  of  Auditorium  and  Stage,  Iroquois  Theatre, 

Chicago.! 

The  principal  error  seems  to  have  been  that  of  manage¬ 
ment.  But, — lest  we  condemn  them  too  severely,— there  are 
many  places  still  existing  with  just  as  grave  possibilities. 

Reproduced  from  Engineering-  News,  Vol.  51. 
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BALTIMORE,  MARYLAND* 

February  8,  1904 

This  tire  burned  2000  buildings  occupying  150  acres,  de 
stroying  $125  000  000  worth  of  property.  As  in  most  American 
cities,  the  buildings  in  the  path  of  the  flames  were  of  all  types, 
from  the  inflammable  wooden  structure  to  the  fireproof  sky¬ 
scraper.  All  but  the  latter  suffered  almost  total  destruction. 
The  contents  of  these  were  ruined,  for  the  heat  was  sufficient 
to  melt  even  typewriters.  Every  window  was  gone,  also  all 
ornamental  or  stone  work,  trim,  and  fixtures.  Ornamental  terra 
cotta  was  often  badly  injured.  Steel  work  and  floors  were  prac¬ 
tically  unhurt.  Brick  work  stood  the  fire  best,  concrete  next, 
and  terra  cotta  last.  There  were  no  modern  reinforced  concrete 
buildings.  Windows  proved  to  be  vulnerable  spots.  Consider¬ 
able  injury  was  caused  by  falling  safes,  and  a  construction  able 
to  withstand  this  would  be  desirable. 


SAN  FRANCISCO.  CALIFORNIA! 

April  18,  1906 

This  followed  the  earthquake  of  the  same  date,  burning 
over  2381  acres,  the  two  calamities  causing  a  loss  in  the  city 
alone  of  something  like  $250  000  000.  The  district  included 
many  frame  buildings.  It  will  be  remembered  that  the  water 
suppty  was  paralyzed,  thus  preventing  any  effective  fire  fight¬ 
ing.  In  general  the  same  results  were  brought  out  as  in  the 
Baltimore  fire.  One  important  development  was  the  efficiency 
of  wire  glass  as  a  protection  against  exterior  fires.  Stonework 
and  terra  cotta  was  rendered  of  no  value.  Tile  and  concrete 
floors  were  destroyed,  though  often  remaining  in  place.  Con¬ 
crete  and  brickwork  proved  superior  for  fireproofing,  the  tiles 
in  some  cases  exposing  the  steel.  Where  this  happened,  the 
latter  was  of  course  bent  out  of  shape;  when  efficiently  protected, 
it  remained  uninjured.  All  partitions,  all  plaster,  and  all 
marble  treads  and  wainseoating  were  destroyed. 

*  See  Engineering  News  and  Engineering  Record  of  subsequent  dat«  > 

fSee  Trans.  Am.  Soc.  C.  E.,  Vol.  59,  p.  208;  also  Engineering  News 
and  Engineering  Record  of  subsequent  dates. 
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LOSSES  IN  BUILDINGS  DUE  TO  EARTHQUAKES 

Changes  in  loads  and  temperature  conditions  produce  in¬ 
ternal  stresses  in  the  earth’s  crust.  When  these  exceed  the 
ultimate  strength,  it  breaks.  If  we  should  compute  the  force 
necessary  to  tear  many  square  miles  of  rock,  we  would  readily 
understand  the  tremendous  power  involved.  This  acts  much 
as  a  blow  which  is  transmitted  to  an  indefinite  distance,  the 
effect  gradually  diminishing.  Like  any  other  elastic  materal, 
the  crust  of  the  earth  vibrates  back  and  forth,  the  amplitude 
lessening  with  the  time.  Resultant  motion  readily  explains 
damage  and  means  of  protection  therefrom. 

CHARLESTON,  SOUTH  CAROLINA 
August  31,  1886 

Most  of  the  loss  of  life  and  property  was  caused  by  the 
wreck  of  heavy  cornices,  chimneys,  and  so  on,  and  the  falling  of 
insecurely  fastened  plaster  and  masonry  work  on  the  inside. 
High  chimneys  were  broken  off  close  to  roofs,  and  flat  segmental 
arches  were  badly  cracked.  The  estimated  damage  was 
$600  000.  1 

SAN  FRANCISCO,  CALIFORNIA* 

April  18,  1906 

The  estimated  damage  including  fire  loss  was  $250  000  000, 
which  is  exclusive  of  other  nearby  localities,  some  of  which  were 
badly  damaged. 

The  shock  which  caused  the  damage  lasted  about  a  minute 
and  was  followed  by  others  of  gradually  diminishing  intensity. 
The  effects  of  the  earthquake  were  intermixed  with  those  of  the 
fire  which  followed  directly  after. 

Buildings  with  foundations  on  made  land  or  unstable  soil 
suffered  most.  The  principal  damage  to  wooden  frame  struc¬ 
tures  was  cracking  of  plaster  and  wrecking  of  brick  chimneys. 
Except  on  made  ground,  there  was  little  other  damage.  Brick, 
tile  or  stone  masonry  of  all  kinds  suffered  severely,  especially 
where  there  were  arches.  An  exception  might  be  made  for 
masonry  well  tied  into  the  steel  which  stood  the  shock  very 
well.  Concrete  blocks  fared  badly,  as  did  the  masonry;  but 

*  See  Transc.  Am.  Soc.  C.  E.,  Vol.  59,  p.  208;  also  Engineering  News 
and  Engineering  Record  of  subsequent  dates. 
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what  concrete  and  reinforced  concrete  there  was,  made  a  good 
showing,  as  did  also  the  steel  frame  construction  common  for  the 
office  buildings.  As  might  be  inferred,  those  structures  which 
had  effective  systems  of  bracing  wTere  least  injured. 

conclusions 

To  lessen  or  eliminate  loss  from  earthquakes : 

(a)  Employ  sparingly  heavy  top  parts  like  projecting 
cornices.  If  they  must  be  used,  fasten  very  securely  to  the 
body  of  the  v’ork. 

(b)  Avoid  materials  of  two  sorts;  if  they  are  necessary, 
either  tie  firmly  together  or  keep  entirely  separate.  For  ex¬ 
ample,  a  brick  chimney  in  a  frame  house  is  poor;  unless  the 
period  of  vibration  be  the  same  the  former  will  be  destroyed. 

(c)  Do  not  use  arches  in  buildings;  they  are  not  suitable 
for  resisting  the  horizontal  stresses  produced  by  earthquakes. 

(d)  Employ  wind  bracing  of  unquestioned  efficiency. 

(e)  Keep  the  building  thoroughly  tied  together. 

(f)  If  masonry  is  necessary,  make  walls  as  strong  and 
light  as  possible.  Well  braced  steel  should  be  placed  therein  if 
practicable. 

(g)  Foundations  on  solid  rock  are  to  be  preferred. 

INVESTIGATION  OF  EXISTING  STRUCTURES 

Probably  no  more  difficult,  unpleasant,  or  thankless  task 
confronts  an  engineer  than  the  examination  and  report  on  a 
structure  of  doubtful  safety. 

The  first  step  is  to  obtain  the  complete  dimensions,  cross 
sections,  and  details.  Sometimes  this  data  may  be  found  on 
drawings.  These  must  be  used  with  very  great  care  however, 
as  it  is  rare  that  some  changes  are  not  made  either  at  time  of 
erection  or  in  subsequent  use.  The  character  of  the  material 
may  appear  on  plans  or  in  the  records.  Several  pieces  may  be 
cut  out  to  be  tested,  or  perhaps  a  visual  examination  will  de¬ 
termine  a  good  deal.  The  former  is  the  approved  method  of 
ascertaining  if  steel  has  been  injured  by  tire  or  accident  while 
the  latter  might  be  of  assistance  in  the  case  of  wood  or  cast 
iron.  It  is  extremely  important  to  note  the  deterioration  caused 
by  rot,  rust,  and  wear  due  to  traffic.  One  trouble  with  steel  is 
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that  its  overload  is  hard  to  detect  by  an  examination  unless 
stresses  exceed  the  elastic  limit.  Workmanship  must  be  de¬ 
termined  by  eye.  Finally,  we  estimate  live  loads,  compute 
maximum  unit  stresses  in  weakest  part  of  each  member,  and 
compare  results  with  those  allowable  by  some  standard  speci¬ 
fications.  Before  rendering  a  definite  decision,  we  should  con¬ 
sider  : 

(1)  What  possibility  is  there  of  an  increase  of  loads 
during  future  life  of  the  structure?  It  is  quite  possible  that  it 
might  be  all  right  for  present  conditions  but  without  reserve 
capacity.  In  this  case  it  should  be  passed  conditionally. 

(2)  Would  some  special  weakness  exist  under  extraordi¬ 
nary  loads !  It  may  be  wise  to  strengthen  that  part  for  the 
sake  of  the  additional  security. 

(3)  Secondary  stresses  need  not  be  included  for  designs 
in  accordance  with  modern  practice.  But  for  long  members 
and  eccentric  loads  it  should  be  computed,  especially  for  col¬ 
umns.  If  found  to  be  excessive,  say  above  15  percent,  a  corres¬ 
ponding  reduction  in  allowable  principal  stress  must  be  made. 
We  believe  that  present  tendency  is  towards  the  much  more 
logical  method  of  computing  secondary  stresses  and  increasing 
in  a  like  ratio  allowable  values. 

(4)  Assistance  of  parts  other  than  those  usually  taken  as 
carrying  the  load,  is  to  be  assumed  with  a  great  deal  of  caution. 
For  example,  rails,  guard  rails,  and  guard  timbers  will  do  much 
to  assist  a  short,  weak  I-beam  span ;  but  if  they  are  to  be  figured 
on,  splices  must  be  watched  and  the  trackmen  prevented  from 
pulling  them  up  for  repairs  at  a  time  when  the  full  load  is 
coming  on. 

(5)  Standard  specifications  have  been  evolved  as  a  result 
of  the  failures  and  successes  of  the  past  and  limy  generally  be 
taken  as  a  safe  and  dependable  guide.  For  example,  the  usual 
clause  prohibiting  welded  joints  for  members  other  than  count¬ 
ers  and  wind  laterals  is  to  prevent  accidents  like  that  at  Bussey 
Bridge  already  referred  to.  Particularly  to  be  emphasized  are 
the  following  precautions : 

(a)  Study  to  avoid  loss  of  life  in  a  building,  not  only 
should  the  steel  work  be  protected  as  specified  but  guard  as  well 
against  inter-room  communication  and  the  exposure  to  fire. 


(b)  Make  full  provision  for  wind  tractive  forces  all  1 1n- 
way  through  the  structure. 

(c)  Fasten  each  part  so  that  its  separation  from  tin*  re 
mainder  can  1m*  accomplished  only  by  the  rupture  of  the  metal 

(d)  Support  compression  members  at  frequent  intervals. 

(e)  Brace  thoroughly,  taking  especial  pains  in  localities 
where  high  winds  or  earthquakes  may  be  expected. 

(6)  It  might  seem  that  the  margin  between  an  ultimate 
strength  of  60  000  and  an  allowable  value  of  16  000  such  as  is 
employed  in  buildings,  is  excessive.  First,  however,  let  us  con¬ 
sider  that  the  structure  would  be  ruined  by  35  000  lb.  per  sq. 
in.,  or  more  probably  25  000  for  practical  conditions  with  full 
sized  pieces.  When  we  come  to  consider  eccentric  stresses,  over¬ 
loads,  and  so  forth,  we  find  our  margin  nearly  exhausted. 

As  a  general  rule  to  be  guided  by  to  a  large  extent  the 
care  which  the  structure  will  receive  and  the  damage  which  its 
destruction  would  entail,  we  will  suggest : 

For  good  designs  allow  10  percent  above  specifications;  10 
to  20  percent  should  receive  constant  supervision;  20  to  40  per¬ 
cent  is  dangerous;  above  40  percent  must  be  replaced  at  once. 
For  poor  designs-,  compute  secondary  stresses  and  permit  totals 
to  exceed  above  values  by  15.  For  worn,  corroded,  or  injured 
material,  estimate  or  determine  by  testing,  its  condition  as  a 
percentage,  care  being  taken  not  to  overestimate.  Original 
allowable  values  multiplied  by  the  same  percentages  give  our 
standards  for  this  case. 

Almost  every  square  fall  of  a  bridge  has  been  due  to  qui¬ 
escent  or  slowly  applied  loads.  There  is  no  doubt  that  nianv 
of  the  railroad  bridges  whose  collapse  is  recorded,  had  at  times 
been  subjected  to  rapidly  moving  loads.  The  only  apparent 
explanation  is  that  steel  like  wood  has  a  lower  capacity  for 
long  continued  stresses.  Is  this  true  and,  if  so,  do  not  some 
of  our  present  ideas  in  regard  to  impact  and  allowable  dead 
load  stresses  need  revision  ? 

DISCUSSION 

Mr.  Robert  A.  Cummings*:  The  paper  of  the  evening  ap¬ 
pears  to  me  to  be  a  sort  of  flash-light,  warning  engineers  of  the 
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dangers  in  nearing  the  edge  of  safe  waters.  It  is  difficult  to 
appreciate  the  object  lessons  that  are  intended  to  be  conveyed, 
at  least,  as  far  as  reinforced  concrete  is  concerned  for  none 
are  presented  except  by  inference.  But,  there  are  a  few 
statements  which  should  be  modified.  Reinforced  concrete  has 
been  in  use  for  nearly  fifty  years,  but  its  active  development  in 
this  country  has  been  limited  to  the  last  twenty  years.  It  is 
a  type  of  material  that  requires  the  application  in  the  highest 
degree,  for  its  successful  execution,  of  intuitive  and  constructive  ’ 
skill. 

The  influence  of  engineering  formulae  have  had  too  great 
a  part  in  its  development,  in  proportion  to  the  importance  of 
practical  knowledge  of  the  methods  of  construction. 

The  assumptions  in  design  by  the  concrete  engineer  do  not 
and '  should  not  differ  from  those  of  any  other  structural  en¬ 
gineer,  except  perhaps  in  the  more  liberal  allowance  for  better 
connections  in  monolithic  reinforced  concrete.  Whether,  or  not, 
one  wishes,  continuity  exists  in  all  monolithic  reinforced  con¬ 
crete,  full  value  of  which  is  not  always  taken  into  account. 
This  is  well  indicated  in  flat  slab  floors. 

The  author’s  comparison  of  protected  steel  and  reinforced 
concrete  is  a  pitfall  that  most  inexperienced  designers  fall  into. 
Any  steel  embedded  in  concrete  that  is  not  economically  dis¬ 
tributed,  becomes  nothing  but  an  expensive  aggregate  for  the 
concrete,  or  an  inefficient  reinforcement.  Such  misapplied 
methods  do  not  appeal  to  the  reinforced  concrete  engineer. 

Abuse  of  competition  is  the  bane  of  its  application.  Little 
knowledge  has  been  gathered  from  failures,  largely  on  account 
of  the  fact  that  all  the  data  bearing  on  the  sub je jet  is  *pot 
brought  out.  If  one  could  get  out  all  facts  they  would  be  most 
instructive.  However,  it  is  indeed  desirable  that  the  principal 
errors  should  be  known  in  order  to  avoid  them  in  the  future. 
The  greatest  publicity  should  be  voluntarily  given  to  them,  in 
order  to  warn  others  of  the  dangers. 

Consulting-  Engineer,  Commonwealth  Building.  Pittsburgh. 
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Human  experience  shows  that  we  must  learn  through  our 
mistakes  for  which  we  are  punished.  One  cannot  judge  rein¬ 
forced  concrete  as  a  structural  material  by  the  failures  that 
happened  in  the  days  of  youthful  indiscretion  any  more  than 
we  would  judge  mechanical  engineering  by  the  accidents  1o 
motor  cars,  or  the  science  of  aviation  by  the  failures  of  aero¬ 
planes. 

It  is  somewhat  surprising  that  the  author  has  made  no 
reference  to  the  great  lessons  taught  by  the  sinking  of  the 
“Titanic”,  or  the  fall  of  the  Campanile.  This  leads  us  to  ask 
ourselves  what  is  a  failure? 

As  interpreted  the  paper,  it  seems  to  be  nothing  short 
of  a  complete  collapse.  From  my  point  of  view,  reinforced 
concrete  as  a  structural  material  has  not  failed  in  any  case, 
but  its  application  has  resulted  in  errors  of  judgment,  whether 
deliberate  or  accidental  is  best  indicated  by  the  moral  character 
of  those  individually  responsible  for  it.  On  the  other  hand, 
there  is  no  class  of  construction  that  will  compare  with  its 
successful  development. 

Since  the  dawn  of  history  when  man  attributed  supernatural 
powers  to  the  inexplicable  phenoma  of  nature,  he  has  applied 
himself  to  the  control  of  the  forces  of  nature,  first  with  his 
muscular  power,  then  through  the  force  of  the  wind  and  water. 
Progress  therefore  has  been  an  adjustment  from  tin*  les¬ 
sons  derived  by  his  inability  to  accomplish  that  which  lie  de¬ 
sired. 

At  the  present  time,  the  object  of  construction  work  is 
the  furnishing  of  commercial  structures  on  a  profitable  basis. 
There  is  no  such  thing  as  absolute  safety.  It  is  a  question  of 
degree.  The  margin  of  security  may  be  so  great  that  the  first 
cost  would  make  it  commercially  unprofitable.  As  a  matter  <>f 
fact,  safety  in  construction  under  existing  conditions  is  com 
paratively  secure.  Theoretically,  safety  is  a  primary  factor 
in  construction  because  without  safety  the  loss  would  bt>  too 
great  and  the  commercial  attractness  would  be  lost.  In  reality, 
and  in  practice,  safety  therefore,  is  only  a  secondary  matter. 
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It  would  be  a  national  calamity  if  the  development  of  rein¬ 
forced  concrete  and  its  economy  were  given  a  serious  set-back 
by  innuendo  or  a  wild  exaggeration  as  to  the  dangers  of  this 
form  of  construction.  Those  that  would  pull  down  are  ever 
with  us.  The  intrinsic  merit  of  reinforced  concrete  has  justi¬ 
fied  its  existence.  The  spirit  of  combination  is  a  present  day 
slogan  w’hich  is  well  exemplified  in  reinforced  concrete. 

Mr.  Samuel  E.  Duff:*  To  say  that  the  answer  to  the 
question:  “When  should  an  engineering  structure  be  con¬ 

demned?”  is  difficult  would  be  telling  the  experienced  engineer 
nothing  new.  The  young  man  however,  may  be  helped  by  a  pre¬ 
sentation  of  the  ruling  elements  of  the  problem. 

In  the  final  analysis  the  proper  step  to  take  when  the 
safety  of  an  engineering  structure  is  in  question  will  be  dictated 
by  judgment  rather  than  solely  by  the  working  out  of  a  formula 
composed  of  elements  determined  by  observation  and  calcula¬ 
tion. 

Observation,  intelligent  and  thorough,  of  all  elements  of 
loading,  condition  of  materials,  etc.,  as  well  as  precise  calcula¬ 
tions  of  the  statistics  of  the  structure  are  absolutely  necessary 
as  a  foundation  for  the  exercise  of  judgment  concerning  its 
safety. 

Judgment,  in  the  sense  I  use  it  in  this  connection,  means 
the  ability  to  so  completely  correlate  and  correctly  contrast  the 
several  items  of  strength  and  weakness  disclosed  by  observation 
and  calculation,  that  cancellation  and  reduction  will  produce 
a  result  in  accordance  with  all  the  facts. 

The  most  important  element  in  judgment  is  experience, 
and  the  most  important  element  in  experience  is  time.  Ex¬ 
perience  may  be  fruitful  of  sound  judgment  in  one  man,  in 
another  practically  barren.  Lapse  of  time  should  produce  ex¬ 
perience  leading  to  what  we  call  ripened  judgment,  but  in  many 
it  seems  rather  to  produce  uncertainty  and  temerity. 

With  respect  to  engineering  judgment,  technical  training 
of  the  powers  of  observation,  analysis  and  reduction  greatly 
reduce  the  amount  of  the  time  element  required  to  produce  a 
useful  refinement.  Highly  specialized  training  and  abundant 

‘Consulting  Engineer,  Empire  Building,  Pittsburgh. 
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opportunity  for  observation  fail  to  produce  it  in  the  mind 
which  lacks  what  we  call,  for  want  of  a  better  term,  “horse 
sense.  ’  * 

Tradition  and  our  own  personal  experience  tell  of  dumb 
animals  whose  refusal  to  trust  themselves  on  or  in  man’s  cre¬ 
ations,  has  disclosed  weakness  and  danger  the  higher  intelligence 
of  man  failed  to  detect.  The  horse  which  will  not  cross  the 
bridge  whose  foundations  have  been  weakened  by  a  freshet,  the 
rats  which  leave  the  sinking  ship,  and  the  carrion  birds  who 
gather  and  await  with  grim  patience  the  disaster  which  man 
in  his  blindness  fails  to  forsee  are  familiar  stories  to  you  all. 

In  passing  on  an  engineering  structure  I  would  place 
greatest  emphasis  on  the  physical  condition  of  all  the  parts  as 
disclosed  by  thorough  observation.  I  would  place  less  emphasis 
on  theoretical  results  of  stress  calculations.  In  the  first  case 
we  will  be  depending  on  our  physical  senses,  which  we  safely 
use  every  day  in  all  our  affairs.  In  the  second  case  we  will 
be  depending  on  assumptions  of  the  intellect,  some  of  which  we 
may  thoroughly  understand,  but  many  of  which  we  certainly 
do  not  understand. 

An  element  affecting  the  question  of  safety  of  a  structure 
is  the  liability  of  change  in  loading.  Another  is  the  probable 
weakening  of  some  part  by  the  operation  of  causes  entirely  un¬ 
connected  with  the  ordinary  use  of  the  structure.  Still  another 
is  the  loss  of  life  probable  in  event  of  failure.  It  is  sometimes 
necessary  to  consider  the  purely  commercial  side  and  determine 
whether  it  is  cheaper  to  repair  or  to  tear  down  and  rebuild. 
Many  applications  of  these  principles  have  been  presented  by 
others  tonight. 

The  unreasoning  panic  of  the  ignorant  and  the  cowardly 
often  condemns  structures  really  safe.  Such  action  on  the  part 
of  the  trained  engineer  indicates  laziness  or  indifference,  and  in 
some  cases  perhaps  a  cunning  desire  to  escape  responsibility  by 
being  on  the  safe  side.  Such  habits  are  essentially  immoral  and 
surely  destructive.  Aesop  tells  us  what  happened  to  the  man 
who  cried  “Wolf”  when  he  wished  to  amuse  himself  with  the 
credulity  of  his  neighbors.  Many  an  engineer  who  cried  “un¬ 
safe”  when  he  was  too  lazy  to  look  into  the  case  thoroughly,  or 
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desired  to  attract  attention,  has  lived  to  see  his  honest  prophe¬ 
sies  based  on  certain  knowledge  fall  on  deaf  ears.  - 

When  the  safety  of  a  structure  is  in  question,  observe  care¬ 
fully  and  completely,  calculate  precisley,  consider  all  the  ele¬ 
ments  involved,  bring  to  bear  cool  judgment  and  form  your 
conclusion.  Do  it  all  over  again,  and  again.  Announce  your 
verdict  and  stick  to  it. 

Mr.  Hermann  Laub:*  One  of  the  most  interesting  bridge 
failures  in  the  vicinity  of  Pittsburgh  was  that  of  the  suspension 
bridge  of  Wheeling  across  the  Ohio  River  some  60  years  ago, 
which  was  originally  built  by  Chas.  Ellet,  Jr.  This  bridge  has 

s 

a  1010  ft.  span,  and  only  having  a  braced  hand  railing  for  a 
stiffening  truss,  could  not  resist  a  strong  wind  striking  below 
the  floor.  I  was  told  some  years  ago,  by  the  watchman,  who  was 
present  during  the  accident,  that  this  floor  had  undulated  up¬ 
wards  20  ft.  when  it  turned  turtle  and  then  collapsed.  A  good 
many  bridges  have  given  away  in  this  manner.  By  anchoring 
the  platform  of  such  bridges  to  the  shore  and  piers,  as  was 
done  on  this  bridge  later  on,  good  results  are  obtained.  I  do 
not  remember  of  any  bridge  failure  of  importance  in  Pittsburgh 
within  the  last  30  years,  but  some  bridges  came  very  close  to  it. 
I  just  wish  to  mention  the  Twenty-second  Street  Bridge,  with 
the  repair  work  of  which  I  was  connected. 

Until  a  few  years  ago  important  bridges  over  the  Monon- 
gahelia,  Allegheny,  Ohio,  and  Youghiogheny  Rivers  were  built 
only  by  private  corporations  for  an  investment.  A  bridge  so 
built  had  to  pay  and  it  was  sometimes  quite  a  problem  for  the 
engineer  to  build  something  which  would  stand  and  at  the  same 
time  would  secure  some  revenue  for  the  investors.  I  remember 
one  bridge,  where  I  had  to  guarantee  the  weight  and  practically 
the  cost  of  the  structure.  Under  such  hairsplitting  economy 
the  engineer  was  not  at  liberty  to  carry  out  his  ideas. 

Another  cause  responsible  for  a  good  many  bridge  failures, 
I  would  say,  is  the  manner  in  which  a  good  many  counties  and 
cities  have  let  their  work  and  still  do  so,  namely  to  the  so-called 
Engineering-Contractor.  The  Contractor  submits  his  own  plans 
and  to  secure  the  contract  he  must  make  a  cheap  design  and  in 
order  to  make  some  profit  he  still  has  to  “skin”  the  cheap  design. 

♦Consulting  Engineer,  Pittsburgh. 
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Within  the  last  live  or  ten  years  the  State  of  Pennsylvania, 
some  counties  and  the  City  of  Pittsburgh  have  made  a  move 
in  the  right  direction.  They  have  more  or  less  organized  bridge 
departments,  and  some  excellent  results  have  been  obtained.  Tt 
may  however  be  necessary  to  caution  the  Engineers,  who  are 
at  the  head  of  such  departments,  not  to  be  extravagant  with 
public  funds.  Allegheny  County  and  the  City  of  Pittsburgh, 
on  account  of  its  topography,  have  to  spend  a  great  deal  of 
money  for  their  bridges  and  have  therefore  to  construct  eco¬ 
nomically.  I  doubt  for  example  very  much  that  some  of  the 
large  bridges  built  by  the  County  within  the  last  six  years,  and 
the  present  bridge  under  construction  at  the  Point  by  the  City, 
would  prove  a  financial  investment,  if  toll  were  to  be  collected, 
and  such  points,  to  my  mind,  must  be  taken  in  consideration 
by  the  engineer  in  charge. 

Another  cause  for  bridge  failures  in  the  near  future  will 
be  the  fast  corrosion  of  our  modern  steel  bridges.  We  have  a 
number  of  bridges,  scarcely  10  to  15  years  of  age,  where  some 
members  have  corroded  as  much  as  50  percent.  This  condition 
is  partly  due  to  neglect  of  maintenance,  but  more  so  in  my 
opinion  to  the  quality  of  steel,  the  mills  are  furnishing.  Some¬ 
thing  must  be  done  very  quickly  in  this  direction,  either  to 
demand  the  quality  of  steel  we  got  about  30  years  ago,  or  to  go 
back  to  wrought  iron  again. 

Poor  foundations  for  piers  and  abutments,  no  protection 
by  rip  rap  against  underwashing  or  piers  and  insufficient  width 
and  height  of  bridges  to  let  the  water,  drift  and  ice  pass  freely, 
have  often  been  the  cause  of  failures.  In  the  winter  of  1905 
a  great  many  bridges  over  the  Susquehanna  River  failed  on 
account  of  big  ice  gorges  which  the  limber  bridges,  with  insuffi¬ 
cient  height,  could  not  resist. 

To  improve  our  highway  bridges  in  this  country  the  En¬ 
gineers  themselves  could  help  a  great  deal  by  more  practicable 
cooperation  in  the  same  manner  as  the  Architects  have  done 
for  many  years,  and  by  exercising  a  greater  influence  on  public 
works.  Then  perhaps  the  Engineers  could  not  be  ridiculed  as 
it  happened  a  few  months  ago  by  a  prominent  judge  of  the 
Allegheny  County  bar.  A  witness  was  asked  about  the  meaning 
of  Civil  Engineer.  This  witness  being  very  slow  in  the  defini- 
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tion  of  his  profession,  was  helped  by  the  judge,  who  said,  “A 
Civil  Engineer  is  anybody  who  calls  himself  a  Civil  Engineer.” 

Mr.  Edward  Godfrey  :*  As  a  few  comments  on  Prof. 
Thayer’s  excellent  paper  the  writer  would  offer  the  following: 

The  author  states  that  the  poor  foundation  was  the  sole 
cause  of  the  failure  of  the  Austin  dam.  How  can  this  be,  when 
the  foundation  remained  in  place  and  the  dam  slid  off  it?  The 
cause  of  that  failure  was  simply  and  solely  abominable  and  ' 
criminal  design.  The  dam  slid  out  once  because  it  was  not  wide 
enough  at  the  base  to  withstand  upward  pressure.  This  made  a 
definite  horizontal  seam  and  allowed  that  upward  pressure  to 
be  still  greater.  But  the  dam  was  patched  up  in  spite  of  these 
frightful  conditions,  and  at  its  second  failure  the  awful  catas 
trophe  took  place.  A  little  calculation  will  show  the  utter  in¬ 
stability  against  upward  pressure.  There  was  absolutely  no 
excuse  on  the  part  of  the  designer.  In  the  present  day  it  is  a 
crime  to  design  a  dam  without  regard  to  under  pressure. 

The  author  states  that  the  Quebec  Bridge  failure  was  the 
fault  of  the  profession.  The  writer  most  earnestly  takes  ex¬ 
ception  to  this.  He  has  shown  in  his  “Minority  Report  on  the 
Quebec  Bridge  Disaster”  that  it  was  not  designed  in  accord¬ 
ance  with  the  profession’s  rules  of  design  and  that  the  failure 
itself  was  brought  about  by  an  unbraced  traveler.  Even  the 
Royal  Commission  in  their  conclusions  ignored  the  left  hand 
chord  member  as  a  possible  cause  of  the  wreck.  They  had  to : 
the  bridge  fell  to  the  right. 

The  author  states  that  no  failure  of  a  steel  viaduct  had  been 
found.  The  Glen  Loek  bridge  was  of  posts  and  girders,  so  that 
it  may  be  called  a  viaduct..  Its  failure  was  due  to  bad  design ; 
straddling  a  post  with  the  webs  of  a  box  girder  without  any 
stiffners  or  diaphragm  over  the  post. 

The  description  of  the  wreck  at  Basel,  Switzerland,  in  En¬ 
gineering  News,  Aug.  1,  1891,  shows  a  bridge,  not  one  of  whose 
truss  sections  would  be  accepted  by  any  self-respecting  Amer¬ 
ican  Engineer.  It  is  true  that  this  bridge  was  built  nearly  forty 
years  ago,  but  only  a  few  weeks  ago  the  writer  was  shown  an 
English  design  proposed  for  present-day  work,  which  looked 

♦Structural  Engineer,  Robert  W.  Hunt  &  Company,  Monongahela  Bank 
Building,  Pittsburgh. 
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like  twin  sister  to  the  other;  T-chords  of  wide  plates,  and  lop 
sided  web  members  characterized  the  design. 

Of  all  the  thousands  of  buildings  having  structural  steel 
frames  there  has  been  scarcely  a  single  general  failure.  This 
is  not  because  of  general  or  universal  excellence  in  steel  strue 
tural  work,  but  it  can  be  explained  in  a  few  words,  namely,  tin* 
toughness  of  steel  columns.  There  have  been  many  partial 
failures  of  steel  frame  buildings,  and  there  have  been  some 
general  failures  of  roofs  supported  by  trusses,  but  column  and 
beam  construction  in  steel  have  a  remarkably  clean  record  so 
far  as  great  failures  are  concerned. 

One  of  the  worst  structural  wrecks  was  the  Darlington 
Apartment  House,  in  New  York.  This  took  place  March  2. 
1004.  The  building  was  a  13-story  structure  with  cast  iron  col¬ 
umns.  The  wreck  was  a  complete  one.  Nearly  all  of  the  metal 
work  fell  into  the  basement  of  the  building.  It  was  a  clear 
case  of  lack  of  bracing.  If  the  columns  had  been  of  steel  with 
riveted  splices,  they  could  not  possibly  have  broken  up  and 
tumbled  in  a  heap  as  did  the  cast  iron  columns.  With  steel 
columns  the  failure  would  probably  not  have  taken  place.  If 
the  walls  had  been  built  so  that  they  would  brace  the  columns, 
frhere  would  probably  have  been  no  failure.  This  failure  demon¬ 
strates  clearly  that  cast  iron  columns  are  not  suitable  for  a  high 
building.  No  structure  frame  work  should  be  so  utterly  do 
pendent  upon  the  brick  walls  to  give  it  stability  . 

Another  great  structural  wreck  was  the  Chicago  Coliseum. 
The  most  astounding  thing  about  this  is  that  the  structural 
steel  work  was  wrecked  twice,  both  times  from  the  same  cause. 
This  great  auditorium  roof,  with  its  arched  trusses  springing 
from  the  ground  level,  was  erected  and  being  roofed  over.  In 
the  night  it  collapsed  because  of  lack  of  bracing.  It  was  re¬ 
built  and  the  trusses  were  standing  again  without  bracing.  In 
an  attempt  to  slide  a  beam  along  the  ground  by  means  of  a 
line  attached  to  one  of  the  trusses,  the  whole  line  of  great  trusses 
was  pulled  down  like  a  row  of  blocks.  The  lesson  and  the  cause 
of  these  wrecks  are  too  simple  to  dwell  upon.  Only  the  at¬ 
titude  of  mind  that  allowed  the  catastrophe  to  be  repeated  is 
inscrutable.  It  corresponds  to  the  attitude  of  expert  dam  build¬ 
ers  and  authors  of  books  on  the  subject  in  their  persisitent 
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refusal  to  consider  the  under  pressure  in  the  face  of  ever  re¬ 
curring  failures  due  to  this  pressure.  The  Austin  dam  with 
its  double  failure  and  unheeded  warning  is  another  example 
of  the  awful  fruit  of  this  attitude  of  mind. 

Few  failures  in  steel  structural  work  occur  on  account  of 
weakness  in  members,  apart  from  lack  of  bracing,  though  it  is 
true  that  there  are  many  weak  structures  built  and  standing. 
One  failure  took  place  in  Chicago  recently  on  account  of  weak¬ 
ness,  where  lack  of  bracing  did  not  contribute  to  the  same.  The 
roof  of  a  small  theater  caved  in  on  Dec.  9th  last.  This  roof  was 
held  up  by  24-inch  I-beams  with  flange  plates,  all  spliced  at 
the  middle  of  span.  The  span  was  4S  ft.  in  the  clear  and  the 
beams  were  16  ft.  4  in.  center  to  center.  The  load  was  very 
heavy,  several  times  the  calculated  strength  of  the  beams.  This 
failure  is  described  in  Engineering  Record,  Dec.  21,  1912  and 
Engineering  News,  Dec.  19,  1912. 

In  Engineering  Record  Nov.  18,  1911  there  is  a  description 
of  a  partial  failure  of  a  building  in  Boston.  Here  a  cast  iron 
post  was  supported  on  a  rubble  foundation  in  which  the  good 
stones  were  placed  on  the  outside  for  appearance.  The  inner 
portion  of  the  pier  was  poorly  built  and  of  inferior  materials. 
The  post  crushed  through  the  pier. 

A  failure  about  which  a  tremendous  amount  of  fuss  was 
made,  as  evidenced  by  reference  to  Engineering  News,  Yol.  67, 
pages  30,  56  and  273,  and  Yol.  68,  pages  222,  226  and  454,  as 
well  as  other  accounts,  was  that  of  the  Porter  Ave.  Pumping 
Station,  Buffalo,  N.  Y.  Fifteen  trusses  of  100  ft.  span  had  a 
toggle  joint  at  the  peak  where  the  inclined  top  chords  met.  There 
was  no  strut  nor  tie  of  any  kind  to  hold  the  ends  of  the  com¬ 
pression  members  against  lateral  motion  where  they  connected 
to  the  gusset.  These  trusses  did  the  natural  thing,  that  is, 
-  they  collapsed  leaving  the  trusses  that  were  held  at  the  peak 
standing.  The  cause  of  this  failure  is  absurdly  simple.  To  il¬ 
lustrate  it  imagine  a  hinge  midway  in  the  legs  of  a  stool;  then 
sit  on  the  stool. 

In  Engineering  New^s,  Jan.  30  and  Engineering  Record, 
Apr.  1,  1913,  there  is  a  description  of  a  steel  structural  failure. 
A  large  portion  of  the  roof  of  a  theater  in  New  York  collapsed. 
This  seems  to  be  another  case  of  a  toggle  joint.  A  high  truss 
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rested  on  a  slender,  insufficiently  braced  column.  This  truss 
seems  to  have  keeled  over  and  dropped  its  burden. 

In  all  of  these  structural  steel  failures,  in  fact  in  all 
structural  steel  failures  with  which  the  writer  is  familiar,  the 
cause  can  be  easily  and  readily  located.  Either  the  standard 
methods  of  designing  structural  steel  work  have  been  violated 
or  the  structure  was  insufficiently  braced  during  erection. 
Some  early  designs,  particularly  those  which  were  evolved  by 
single-idea  men  who  patented  that  idea,  showed  weakness  : 
these  are  exhibited  in  bridges  rather  than  buildings.  Standard 
present-day  steel  designing  is  on  a  sound  footing.  The  same 
cannot  be  said  of  reinforced  concrete  designing.  All  of  the 
failures  have  been  of  standard  design,  usually  patented  systems. 
Books  and  authorities  and  experts  unite  to  say  that  the  de¬ 
signs  are  faultless.  Fortunately  the  authorities  are  begin¬ 
ning  to  see  a  light.  The  latest  Joint  Committee  Report  has  one 
gleam  of  light  in  that  it  does  not  sanction  unlimited  packing 
of  the  bottom  of  a  reinforced  concrete  beam  with  steel  rods. 
Rodded  columns,  stirrups,  sharp  bends  have  not  the  same  sanc¬ 
tion,.  or  general  use,  that  they  once  had.  These  wreck  breeders 
will  go — they  will  have  to  go  before  reinforced  concrete  is  on 
a  sound  footing. 

Mr.  C.  M.  Canady*  :  The  most  striking  instance  of  fail¬ 
ure  that  I  know  of  is  the  failure  of  the  authorities  to  properly 
protect  by  painting,  structures  that  have  been  built.  No 
doubt  many  failures  occur  owing  to  this  and  other  points  of  main¬ 
tenance  that  do  not  receive  proper  attention. 

The  first  bridge  failure  that  came  to  my  knowledge  was 
that  of  a  railroad  bridge  across  the  Kaw  River  in  Kansas 
City,  about  1889.  The  cause  of  this  failure  was  due,  I  think, 
to  the  detailing  of  the  stirrup  supporting  the  floor  beam,  or 
possibly  to  an  oversight  in  the  shop.  This  was  in  the  days  of 
wrought  iron  bridges,  and  the  hanger  plate  which  formed  the 
shoe  of  the  stirrup  was  punched  so  that  the  grain  of  the  iron 
ran  parallel  to  the  floor  beam.  The  plate  in  this  shape  being  of 
no  value  in  bending,  the  result  was  that  about  the  first  engine 
crossing  the  structure  went  through  to  the  bottom  of  the  river. 

Another  case  was  a  highway  bridge  of  some  200  or  250  ft. 

•Engineer,  American  BrWgre  Company,  Am  bridge.  Pa. 
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span.  This  was  a  case  of  too  much  economy  or  too  much  com¬ 
petition,  wrong  system,  or  whatever  you  want  to  call  it.  1 
hardly  agree  that  we  can  blame  all  these  mishaps  on  the  con¬ 
tractor.  Possibly  part  of  them  should  be  charged  up  to  the 
competitive  system. 

This  bridge  was  a  light  pin  connected  span,  trusses  de¬ 
signed  probably  for  a  live  load  of  30  or  60  lb.  per  sq.  ft.  of 
floor.  The  end  posts  and  top  chords  were  laced  top  and  bot¬ 
tom,  no  cover  plates  being  used.  As  T  remember  it,  the  lacing 
was  rather  light  and  the  detailer  either  overlooked  or  miscal¬ 
culated  the  bending  effect  on  the  end  post,  due  to  wind  stress 
in  the  portal.  At  any  rate,  no  tie  plates  or  diaphragms  werr 
put  in  at  the  foot  of  the  portal  knee  brace,  and  during  a  severe 
wind  storm,  the  bridge  went  down  as  a  direct  result  of  the 
buckling  of  the  end  post  at  the  foot  of  the  portal. 

I  know  of  another  bridge  that  did  not  actually  fail,  but 
the  lesson  is  probably  just  as  well  taken.  That  also  was  a 
bridge  at  Kansas  City  over  the  Kaw  River.  It  consisted  of 
three  pin  connected  spans  about  200  feet  each,  and  wras  built 
for  cattle  traffic  in  the  stock  yards.  The  design  of  the  bridge 
wras  a  parallel  chord  truss,  about  what  you  would  expect  to 
find  in  a  bridge  of  that  kind,  neither  extremely  light  or  ex¬ 
tremely  heavy.  The  owners,  or  possibly  the  engineer,  dis¬ 
covered  that  there  was  excessive  lateral  vibrations.  Everv  time 

%/ 

a  car  load  of  cattle  was  driven  across  on  the  run,  the  bridge 
would  vibrate  almost  enough  to  throw  a  man  down  if  he  hap¬ 
pened  to  be  standing  on  the  sidewalk.  A  consulting  engineer 
was  called  in,  and  a  set  of  stiffening  trusses  somewhat  in  the 
nature  of  a  very  deep  hand  rail,  was  put  in  running  along  in 
the  plane  of  the  main  trusses  and  riveted  to  them  at  the  panel 
points.  While  this  arrangement  undoubtedly  added  somewhat 
to  the  stiffness  of  the  structure,  yet  it  did  not  seem  to  me  to  be 
the  right  solution  of  the  difficulty.  This  happened  a  number  of 
years  ago,  and  I  shortly  afterward  came  to  Pittsburgh  and 
had  no  chance  to  observe  the  action  of  this  bridge  after  the 
changes  were  made.  I  have  since  concluded  that  the  trouble 
was  brought  about  because  the  laterals  were  actually  taking 
much  of  the  chord  stress  that  should  have  gone  into  the  bot¬ 
tom  chord  bars.  There  seems  no  other  reasonable  explanation 
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for  so  much  lateral  vibration.  The  bottom  laterals  were  quite 
heavy.  I  suppose  the  designer  made  them  so,  in  view  of  the 
nature  of  the  traffic.  Those  in  the  end  panel  were  probably 
2  in.  or  2%  in.  square  rods  with  a  very  heavy  skew-back  con¬ 
nection  to  the  ends  of  the  floor  beams.  They  were  undoubtedly 
tightened  up  too  much,  thus  relieving  the  chord  of  its  proper 
stress.  A  little  more  thought  and  the  service  of  a  good  fore¬ 
man  readjusting  these  rods,  would  have  saved  considerable 
money  and  given  the  owners  better  service. 

Mr.  Godfrey  mentioned  the  Coliseum  in  Chicago.  I  was 
connected  with  that  in  the  capacity  of  checker  for  the  Pitts¬ 
burgh  Bridge  Co.  My  recollection  of  the  cause  of  that  failure 
is  that  the  foreman  in  charge  of  the  erection,  in  removing  the 
falsework  from  under  one  of  the  trusses  after  they  had  prac¬ 
tically  all  been  set  up,  instead  of  running  his  line  through  a 
snatch  block  at  the  ground  and  in  that  way  having  a  direct 
downward  pull  on  the  block  above,  which  supported  the  weight 
of  the  falsework  he  was  lifting,  pulled  it  straight  out  at  an 
angle.  His  engine  was  setting  out  somewhere  about  160  ft. 
and  possibly  the  height  of  the  peak  of  the  truss  was  65  or  66  ft. 
Of  course  the  building  was  not  braced  as  it  should  have  been 
for  such  a  pull  and  it  was  a  case  on  the  part  of  the  erector,  of 
doing  something  that  he  should  not  have  done.  An  engineer 
on  the  ground  to  see  what  he  was  doing  would  probably  have 
stopped  it. 

I  do  not  remember  at  the  present  time  any  other  cases  of 
failure. 

Mr.  Thomas  H.  Johnson*  :  The  first  disastrous  bridge 
failure  that  I  recall  occurred  somewhere  back  in  the  early  50 ’s 
on  the  Missouri  Pacific  R.  R.  The  road  had  been  completed 
from  St.  Louis  as  far  west  as  Jefferson  City  and  was  being 
opened  for  traffic.  In  order  to  give  it  a  good  send  off  they 
ran  an  excursion  train  from  St.  Louis  to  Jefferson  City.  The 
bridge  over  the  Gasconade  River  was  not  finished.  They  had 
carried  the  track  across  on  the  false  work  used  for  erection. 
The  result  was  that  the  excursion  train  went  into  the  river 
with  a  large  loss  of  life.  The  train  had  halted  before  going 
onto  the  bridge  because  there  was  apprehension  as  to  its  safety ; 

•Consulting  Engineer.  Pennsylvania  Lines.  Union  Station.  Pittsburgh 
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but  the  chief  engineer  of  the  road  assured  them  that  it  was 
safe,  and  to  show*  them  his  own  confidence  he  mounted  the  en¬ 
gine  and  road  to  the  cab.  Whether  fortunately  or  unfortunate^ 
ly,  he  was  among  the  lost. 

At  one  time  I  was  associated  in  engineering  work  with  an 
engineer  who  had  graduated  at  Union  College,  Schenectady, 
New  York,  in  the  days  when  Professor  Gillespie  was  at  the 
head  of  that  department.  On  one  occasion  he  showed  me  his 
note  books  of  Prof.  Gillespie’s  lectures,  and  among  them  was  a 
series  of  skeleton  sketches  of  different  types  of  trusses,  with  the 
Professor’s  comments  on  their  merits  or  demerits.  I  recall 
one  of  them  was  a  wooden  bridge  that  had  been  built  in  Ten¬ 
nessee  with  a  400  ft.  span.  I  do  not  recall  the  special  features 
of  the  form  of  truss,  but  the  Professor’s  comment  was  short  and 
to  the  point,  viz.  “the  principal  fault  of  this  bridge  was  that  it 
fell  down  upon  the  removal  of  the  false  work.” 

In  Professor  Thayer’s  remarks  on  the  Ashtabula  bridge, 
there  were  some  features  in  connection  with  that  bridge  which  he 
did  not  include  and  which  I  think  are  rather  interesting  as 
showing  one  what  not  to  do.  In  the  first  place  the  engineer 
who  really  made  the  drawing,  but  under  the  immediate  order 
and  direction  of  Mr.  Stone,  testified  after  the  accident  that 
President  Stone  ordered  him  to  apportion  the  tension  members 
for  eight  tons  to  the  square  inch,  and  the  compression  members 
also  for  eight  tons  to  the  square  inch,  regardless  of  shape  or 
length.  Then  as  originally  designed  and  set  up,  all  of  the 
web  members,  that  is  all  of  the  braces  and  counter  braces,  were 
replaced  with  the  webs  of  the  I-beams  transversely  to  the  plans 
of  the  truss.  And  while  the  sketch  which  you  saw  on  the 
screen  showed  six  I-beams  in  the  end  post,  there  were  originally 
only  four,  and  when  they  struck  the  wedges  to  swing  the  bridge 
the  bridge  followed  the  wedges.  So  they  halted  the  operation, 
redrove  the  wedges,  and  then  took  out  all  the  braces  and  turned 
them  with  the  webs  as  shown  in  the  sketch,  placing  an  additional 
number  in  the  panels  toward  the  end.  Then  there  was  an¬ 
other  feature.  In  the  lower  system  of  lateral  rods  ran  in  lengths 
of  two  panels,  with  the  exception  of  the  two  end  panels,  that  is 
the  one  panel  at  each  end,  in  which  the  lateral  rods  only  ran 
the  one  panel.  That  brought  the  bottom  laterals  symmetrical 
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with  the  top  laterals.  But  the  erectors  made  a  most  peculiar 
blunder.  They  started  from  the  end  and  put  the  lateral  struts 
in  at  every  two  panels,  so  that  all  the  way  through  the  bridge, 
in,  the  lower  system,  the  lateral  strut  was  not  at  the  hitch  point 
of  the  lateral  rods,  but  midway  between. 

Another  interesting  fact  is  chargeable  to  the  erectors. 
In  the  course  of  their  work  they  discovered  that  the  top  chord 
I-beams  as  manufactured  and  delivered  wrould  make  the  panels 
in  that  chord  slightly  longer  than  of  the  bottom  chord.  Not 
knowing  that  this  was  the  usual  and  proper  method  of  obtaining 
the  desired  camber  they  assumed  that  an  error  had  been  made 
so  they  sent  all  the  top  chord  I-beams  to  the  shop  and  had  the 
excess  length  dressed  off.  Subsequently,  on  assembling  them 
in  the  structure,  they  discovered  their  mistake,  and  had  to 
insert  shims  of  boiler  plate  to  replace  the  portion  cut  off. 

Professor  Thayer  spoke  of  the  excellent  quality  of  the 
materials  and  workmanship.  The  manner  of  splicing  the  lower 
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Fig.  14.  Method  of  splicing  lower  chord  bars,  Ashtabula  Bridge 

chord  bars  not  only  showed  the  fine  workmanship,  but  also 
showed  how  completely  the  design  of  this  bridge  was  dominated 
by  familiarity  with  the  usual  details  of  the  Howe  Truss  as  built 
in  wood.  The  lengths  of  the  bars  and  their  arrangement  were 
such  as  to  make  a  splice  of  one  bar  in  the  middle  of  the  panel. 
The  splice  was  accomplished  by  means  of  a  shouldered  clamp 
engaging  lugs  formed  on  the  ends  of  the  bars  after  the  manner 
of  the  wooden  clamp  used  in  a  wooden  bridge.  See  Fig.  14. 

The  clamps  were  held  in  place  by  bands  shrunk  on.  The 
forging  was  done  in  the  Railroad  Company’s  blacksmith  shop, 
and  the  fitting  of  the  surfaces  in  contact  could  not  have  been 
materially  improved  by  machine  dressing. 

Mr.  Cecil  N.  Haggart:*  I  would  like  to  mention  a  number 
of  failures  which  have  come  under  my  observation,  these  failures 

♦Consulting  Engineer,  Columbia  Bank  Building,  Pittsburgh. 
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being  the  breaking  of  the  bottom  chords  at  end  panels  of  high¬ 
way  bridges. 

In  these  bridges  the  top  chord,  end  posts,  and  bottom  chords 
were  made  up  of  channels.  In  almost  all  cases  the  failure  was 
in  the  end  panel  and  was  due  to  the  fact  that  the  shoe  of  the 
truss  was  riveted  rigidly  where  the  end  post  and  bottom  chord 
came  together.  When  the  bridge  deflected,  there  was,  of  course, 
some  considerable  stress  induced  in  the  bottom  chord  near  the 
end.  When  the  bridge  deflected  the  bottom  chord  changed  its 
direction  from  horizontal  and  since  there  was  no  pin  connecting 
the  shoe,  the  change  of  direction  of  the  bottom  chord  was  ac¬ 
complished  only  by  producing  a  heavy  bending  movement  in 
the  bottom  chord  near  the  shoe.  This  bending  movement,  to¬ 
gether  with  the  direct  stress  in  the  member,  was  in  the  case 
above  mentioned,  sufficient  to  break  the  bottom  chord. 

In  the  case  of  one  other  bridge,  whose  bottom  chord  failed, 
the  failure  was  at  the  end  of  the  span  and  also  near  the  center. 
The  reason  of  the  failure  in  the  center  was  difficult  to  ascertain 
but  was  probably  due  to  the  fact  that  the  bottom  chord  failed 
at  the  end  first,  for  the  reason  above  mentioned,  and  this  pro¬ 
ducing  large  secondary  stress  at  other  panel  points  in  the  bot¬ 
tom  chord,  caused  failures  near  the  center. 

It  should  be  mentioned  that  in  none  of  the  cases  above 
mentioned  did  the  bridges  collapse,  but  were  held  up  mostly 
on  account  of  the  floor  system  coming  to  the  aid  of  the  broken 
bottom  chords. 

Mr.  T.  S.  White:*  My  father  was  a  builder  of  Towe  Truss 
bridges  and  I  remember  some  of  the  bridges  he  built  before  I 
had  come  out  of  college,  and  a  number  of  years  afterwards  they 
ran  some  pretty  heavy  loads  over  them  and  just  for  curiosity 
I  figured  out  what  the  stresses  would  be  on  some  of  the  vertical 
rods,  and  found  between  40  000  and  50  000  lb.  per  sq.  in.,  and 
some  railroad  man,  perhaps  Mr.  Johnson,  said  the  only  reason 
he  could  assign  for  their  standing  up  was  from  mere  force  of 
habit. 

Mr.  Johnson  is  an  old  railroad  bridge  man,  and  I  would 
like  to  ask  him  a  question  concerning  old  times  when  they  used 
to  build  Howe  truss  bridges  for  railroads,  of  course  when  they 

•Vice  President,  Penn  Bridge  Company,  Beaver  Falls,  Pa. 
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were  first  built  the}’  were  not  designed  for  any  particular  load 
at  all,  just  sort  of  a  guess. 

Mr.  Thomas  H.  Johnson  :  They  were  designed  for  a  live 
load  of  one  ton  to  the  foot  in  those  early  days. 

Mr.  Harry  J.  Lewis*  :  In  the  design  of  long  span  bridges, 
increasing  the  length  of  span  diminishes  the  amount  of  carrying 
capacity  for  live  load  rather  rapidly  as  we  get  above  a  250  or 
300  ft.  span.  And  when  we  get  to  an  1800  ft.  span,  even  with  the 
advantage  of  cantilever  and  bridge  span  in  proper  relative  pro¬ 
portion,  we  have  a  very  small  percentage  of  material  which  is 
not  engaged  in  carrying  itself,  and  the  temptation  then  be¬ 
comes  all  the  greater  to  use  higher  unit  strains  and  to  find  a 
material  that  will  fit  them. 

The  Author:  Mr.  Cummings  spoke  of  the  definition  (if 
failure  and  intimated  that  I  had  not  completely  fulfilled  my 
definition  by  considering  just  simply  the  cases  where  the  bridge 
fell  down  and  caused  a  loss  of  life.  If  vou  will  notice  my  title, 
it  is  Historic  Failures,  and  unfortunately  failures  that  have 
been  preserved  to  us  in  general  are  those  where  there  have  been 
large  losses  of  life. 

About  reinforced  concrete,  perhaps  I  did  not  make  myself 
clear,  but  I  consider  it  one  of  the  coming  materials,  for  per¬ 
manent  work,  short  spans,  and  small  structures,  especially  where 
they  arc  exposed  to  corrosive  gases.  It  is  also  extremely  favor¬ 
able  material  for  an  arch  bridge.  For  these  locations  I  would 
unhesitatingly  give  it  preference  over  a  steel  structure.  And 
for  a  good  many  other  locations  I  would  consider  it  in  com 
petition.  So  do  not  regard  me  as  an  enemy  of  reinforced  con 
crete.  I  do  think  we  ought  to  be  careful  about  it.  In  consider 
ing  a  monolithic  structure  we  make  certain  assumptions  in  re¬ 
gard  to  the  distribution  of  those  stresses  that  will  not  stand 
close  analysis.  If  we  are  going  to  use  stresses  and  assume  con¬ 
ditions  that  will  not  stand  analysis,  we  should  go  very  slow. 

The  concrete  at  the  Austin  dam  was  fair  quality.  1  could 
put  my  arms  around  the  only  spot  of  poor  material  that  I  found, 
but  it  was  in  a  situation  where  it  would  not  have  done  any 
harm.  Of  course  the  concrete  was  not  very  high  in  strength. 

•Consulting  Engineer,  336  Fourth  Avenue,  Pittsburgh. 
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but  it  was  good  enough  for  the  stresses  in  that  dam.  I  tried  out 
the  section  and  found  that  it  agreed  very  closely  with  some 
figures  of  my  own;  without  considering  the  upward  pressure 
on  the  bottom.  When  I  went  all  over  the  dam,  and  saw  the 
bond,  which  I  found  to  be  pretty  fair,  and  had  seen  the  concrete, 
which  I  called  good  enough,  I  began  to  feel  that  it  was  a  pe-. 
culiar  thing  how  the  failure  happened.  Then  I  began  to  sound 
underneath  that  portion  of  the  dam  that  rested  practically  in 
its  original  position  without  finding  any  rock.  Then  I  went  out 
to  an  overturned  section  of  the  dam  and  on  its  bottom  about 
six  inches  from  the  concrete  I  picked  off  a  little  cake  of  mud. 
There  is  no  doubt  that  it  had  been  there  all  through,  right  in  the 
place  where  it  was  found.  That  is,  six  inches  under  the  dam 
there  was  nothing  but  mud.  The  rock  that  still  adhered  to  the 
bottom  of  the  dam  I  knocked  off  with  a  wooden  pole,  and  it  fell 
on  my  raft  and  broke  in  two.  What  happened  is  simply  this. 
That  little  layer  of  rock,  nothing  but  disintegrated  shale,  was 
only  about  six  inches  thick  at  that  place.  Whether  the  up¬ 
ward  pressure  had  anything  to  do  with  it,  or  not,  I  do  not  know. 
My  idea  is  that  the  water  permeated  the  clay,  allowing  the  thin 
layer  of  rock  to  tilt  until  it  broke,  the  dam  then  collapsing. 

The  Glen  Lock  bridge  was  not  a  viaduct,  it  was  two -short 
railroad  spans  resting  on  steel  posts.  It  was  a  very  plain  case 
of  faulty  details  in  columns,  but  I  could  hardly  consider  it  either 
a  typical  viaduct,  or  a  plate  girder  bridge.  Mr.  Godfrey  has 
very  well  described  it. 

I  wish  to  thank  the  several  engineers  who  have  spoken  for 
their  valuable  contributions  to  the  discussion  this  evening. 
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The  advent  of  the  low  pressure  steam  turbine  gave  rise  to  the 
necessity  of  another  form  of  heat  reservoir  known  as  an  “Accumulator” 
or  “Steam  Regenerator.”  Exhaust  steam  supply  is  variable  in  nearly 
all  installations  of  steam  engines,  without,  however,  being  a  particularly 
disturbing  factor  while  condensing  operation  is  the  practice.  The 
exceptions  are  few  where  there  would  not  be  commercial  advantage 
in  operating  the  engines  non-condensing  and  making  further  use  of 
the  steam  in  low  pressure  turbines,  provided  there  were  no  great 
losses  of  steam  to  the  atmosphere  with  peak  loads  on  the  engine  and 
insufficient  capacity  of  the  turbine.  It  is  the  function  of  the  steam 
regenerator  to  reconcile  these  incompatible  conditions  by  providing  a 
commercially  accessible  heat  reservoir. 

The  author  describes,  illustrates  diagrammatically,  and  developes 
exhaustively  the  theory  of  the  iron  regenerator,  the  static  water  re¬ 
generator,  and  regenerators  with  forced  and  induced  circulation. 
Illustrative  cases  are  worked  out  showing  the  application  of  the 
formulas  given,  together  with  curves  showing  results  in  practice.  An 
analysis  is  made  of  the  value  of  receiver  spaces  as  heat  reservoirs  and 
of  regenerator  action  as  influenced  by  storage  of  heat  in  receiver  steam 
above  the  water.  The  regenerative  period  is  analyzed  at  length,  an 
illustrative  case  worked  out  and  practical  formulas  given. 

[A  discussion  on  “Operating  Experiences  and  Tests  of  Steam  Re¬ 
generators"  is  being  arranged  for  presentation  before  the  Society  during  t He 
latter  part  of  1913.  Engineers  with  experience  in  the  operation  of  re¬ 
generators,  whether  members  of  the  Society  or  not,  are  invited  to  take 
part  in  this  discussion  and  are  requested  to  advise  the  Secretary  of  t He 
Society,  Elmer  K.  Hiles,  at  this  time  of  their  willingness  to  participate.] 

DISCUSSION 

Mr.  L.  BATTut :  In  discussing  Mr.  Gasche’s  paper,  “Theory 
of  Steam  Accumulators,”  on  page  773  of  the  December,  1912, 
issue  of  the  Proceedings,  Mr.  I).  Eppelsheimer  states  that  in  a 
steam  regenerator  the  quantity  of  circulating  water  placed  in 
contact  with  the  steam  should  vary,  corresponding  to  the  total 
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quantity  of  steam  delivered  from  time  to  time  by  the  engines. 

In  a  regenerator  of  the  induction  type,  when  steam  is  in¬ 
troduced  into  the  regenerator  (see  Figs.  8  and  9,  page  745  of 
the  above  issue  of  the  Proceedings)  the  water  is  depressed  in 
the  pipe  which  discharges  steam  into  the  water,  in  direct  ratio 
to  the  amount  of  steam,  and  consequently  the  steam  injection  is 
made  at  a  point  deeper  under  the  water  level  for  large  than  for 
small  quantities  of  steam  and  the  circulation  of  water  is  very 
materially  increased  for  increasing  quantities  of  steam  and  is 
proportional  to  the  volume  of  steam  flowing  through  the  re¬ 
generator. 

Referring  to  Professor  Trinks*  discussion,  page  779,  I  am 
quoted  as  having  stated  that  the  circulation  in  a  regenerator 
continues  “a  long  while”  after  the  supply  of  steam  has  been 
shut  off,  due  to  liberation  of  steam  on  the  side  where  the 
water  rises. 

In  my  discussion  on  page  762,  I  have  stated  that  4<it  must 
not  be  overlooked  that  when  the  steam  stops  flowing,  the  cir¬ 
culation  in  the  regenerator  is  not  stopped  instantaneously.” 
By  this  it  cannot  be  understood  that  I  meant  that  the  circulation 
continues  “a  long  while.”  The  circulation  is,  in  fact,  slow, 
but  is  maintained  long  enough  to  allow  the  lower  layers  of 
water  to  reach  the  water  level,  and  this  is  all  that  is  necessary. 

Prof.  Trinks  writes  that  my  statement  ought  to  be  some¬ 
what  restricted,  as  being  a  very  pretty  theory,  but  which  theory 
cannot  be  sustained  if  the  turbine  is  running  on  light  load. 
Prof.  Trinks  gives  the  following  reason :  ‘  ‘  Liberation  of  steam 
means  increase  of  pressure  in  the  space  above  the  water  and 
consequently  an  almost  instantaneous  checking  of  said  liber¬ 
ation.  ”  • 

His  theory  of  an  increase  of  pressure  in  a  regenerator 
when  steam  has  stopped  flowing  into  it  is  quite  unexplainable. 
Evaporation  in  a  regenerator  will  never  take  place  without  a 
drop  of  pressure,  or  else  the  water  would  be  hotter  than  the 
steam,  which  is  impossible.  If  the  turbine  throttle  allows  only 
a  small  amount  of  steam  to  be  discharged  from  the  regenerator, 
the  evaporation  will  be  slow.  If  the  throttle  valve  of  the  turbine 
is  entirely  closed,  the  evaporation  is  checked  instantaneously, 
but  there  is  no  rise  in  pressure  in  the  regenerator,  as  the  re- 
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generator  cannot  create  power.  Furthermore,  there  is  no  use 
in  liberating  steam  in  a  regenerator,  should  the  turbine  tlirott  1#* 
be  closed. 

I  do  not  see,  therefore,  why  Prof.  Trinks  should  restrict 
the  remark  1  have  made  as  to  prolonged  circulation  in  a  re¬ 
generator  after  the  steam  has  stopped  flowing,  especially  in 
view  of  the  fact  that  this  is  not  a  theory  of  mine,  but  the  re¬ 
sult  of  experience.  Further,  his  objection  is  erroneous,  as  no 
increase  of  pressure  can  take  place  in  a  regenerator  of  any 
type  under  any  circumstances  after  the  steam  has  stopped  flow¬ 
ing  into  it. 

Prof.  Trinks  has  furnished  a  table,  page  783,  extracted 
from  technical  publications  available  at  the  Carnegie  Library. 
Regenerators  can  in  no  way  be  classified  by  water  contents  per 
1000  kw.  generated  in  turbines.  The  range  of  pressure  must 
be  given  in  conjunction  with  the  water  contents.  The  same 
regenerator  containing  the  same  amount  of  water  will  have 
practically  twice  the  capacity  if  the  range  of  pressure  under 
which  it  is  allowed  to  operate  is  doubled.  To  give  the  amount 
of  water  contained  in  a  regenerator  without  stating  the  range 
in  pressure  under  which  the  regenerator  is  working  gives  no 
idea  whatsoever  as  to  its  capacity  to  absorb  and  deliver  steam. 

The  remarks  annexed  to  this  table  state  that  American 
plants  attempt  to  use  a  very  small  portion  of  the  steam.  This 
statement  is  not  borne  out  by  facts.  Some  plants  have  at¬ 
tempted  to  use  only  part  of  the  steam  delivered  from  the  mill 
engines  into  turbines  of  small  capacity,  but  in  these  plants 
extensions  were  considered  and  the  plants  as  installed  were 
considered  experimental. 

In  the  plants  referred  to  in  the  discussion,  the  unit  in¬ 
stalled  at  the  International  Harvester  plant  (Wisconsin  Steel 
Company)  could  only  take  approximately  one-third  of  the  steam 
discharged  by  the  rolling  mill  through  the  regenerator.  The 
following  year  the  second  unit  was  installed.  No  regenerator 
was  added,  and  now  practically  no  exhaust  steam  is  wasted. 
The  same  thing  applied  to  the  Vandergrift  plant  of  the  Ameri¬ 
can  Sheet  &  Tin  Plate  Company.  Plants  which  have  been  in¬ 
stalled  recently  have  been  so  designed  as  to  use  all  the  exhaust 
steam  available. 
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Prof.  Trinks’  further  remarks,  that  all  the  German  plants 
were  originally  non-condensing,  I  disagree  with,  as  I  have 
myself  studied  some  of  these  plants  which  were  condensing 
prior  to  the  installation  of  regenerator  and  low  pressure  tur¬ 
bines. 

Regarding  the  assertion  that  it  is  questionable  if  the  steam 
delivered  is  dry  saturated  steam.  I  would  refer  to  tests  made 
at  the  International  Harvester  plant,  where  the  steam  delivered 
was  found  to  be  dry,  saturated  steam,  and  no  trace  of  moisture 
was  found  by  throttling  calorimeter  test.  In  a  test  recently 
made  on  one  of  our  regenerators,  which  receives  the  exhaust 
of  powerful  hoisting  engines,  located  in  the  Pennsylvania  hard 
coal  region,  a  calorimeter  test  showed  0.06  percent  of  moisture 
in  the  steam.  It  is  obvious  that  if  a  long  steam  main  carries 
the  steam  from  regenerator  to  turbines  and  this  main  is  not 
covered,  an  appreciable  amount  of  condensation  will  take  place. 
This  is  no  way  due  to  the  regenerator. 

Prof.  Trinks,  on  page  778,  at  the  end  of  the  second  para¬ 
graph,  states  “I  know  of  a  plant  where  the  regenerator  ca¬ 
pacity  was  doubled  after  starting,  in  the  vain  hope  of  doing 
away  with  the  losses  of  exhaust  steam.”  We  think  Prof. 
Trinks  has  been  misinformed,  as  I  do  not  known  of  such  a  plant. 
In  all  the  plants  we  have  built  in  this  country,  we  have  never  in¬ 
creased  the  capacity  of  our  regenerators.  If  Prof.  Trinks  has 
in  mind  the  Vandergrift  plant,  we  would  call  his  attention  to 
the  fact  that  when  the  second  regenerator  was  installed,  the  size 
of  the  plant  was  tripled.  This  refers  as  much  to  the  amount  of 
exhaust  steam  introduced  into  the  regenerators  as  to  the  low 
pressure  turbine  capacity. 

Prof.  Trinks  seems  to  doubt  that  it  is  possible  to  bring 
the  entire  mass  of  water  in  the  regenerator  to  the  same  tempera¬ 
ture  as  the  steam  flowing  through  it  before  the  relief  valve  opens. 

This  is  not  in  accordance  with  facts,  and  Prof.  Trinks  may 
investigate  plants  which  have  been  in  operation  for  several 
years  and  learn  that  in  all  instances  the  maximum  absorbing 
capacity  of  the  regenerator  is  reached  before  steam  is  dis¬ 
charged  to  atmosphere.  When  the  maximum  temperature, 
corresponding  to  the  maximum  pressure  temperature  is  attain¬ 
ed  in  a  regenerator,  steam  has  to  be  discharged.  This  is  a  differ- 
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ent  way  of  stating  what  Mr.  Gasclie  has  demonstrated  all 
through  his  paper,  that  rapdidity  of  absorption  is  the  charac¬ 
teristic  features  of  a  steam  regenerator. 

Figure  10,  page  749,  of  the  Proceedings.  “Characteristic  of 
Induced  Circulation  Regenerator,  ”  which  is  incorporated  in  Mr. 
Gasche’s  paper,  is  exactly  the  curve  obtained  in  the  test  of  the 
International  Harvester  regenerator.  This  test  is  in  itself  the 
most  accurate  means  of  replying  to  Prof.  Trinks. 

Prof.  W.  Trinks*:  Mr.  Battu’s  words  from  “Evaporation 
in  the  regenerator  will  never”  up  to  “should  the  turbine  throt¬ 
tle  be  closed”  express  exactly  my  views.  I  did  not  intend  to 
convey  any  other  meaning. 

It  is  gratifying  to  see  that  Mr.  Battu  criticizes  the  tabula¬ 
tion  of  regenerators.  Perfection  is  not  claimed  for  that  classi¬ 
fication,  and  more  complete  data  would  have  been  given  if  they 
had  been  available.  Mr.  Battu  has  had  so  much  experience  with 
regenerators  that  he  might  well  have  given  additional  data 
in  connection  with  his  criticism.  Doubtless  the  Society  would 
appreciate  such  data ;  in  fact,  the  trend  of  the  discussion  at 
the  evening  of  the  reading  of  the  paper  indicated  that  such 
data  were  wanted  more  than  theory  alone. 

I  agree  with  Mr.  Battu  that  pressure  range  has  an  in¬ 
fluence  on  the  capacity  of  the  regenerator,  particularly  on  its 
capacity  for  delivering  steam,  but  I  am  somewhat  doubtful 
about  the  application  of  Mr.  Battu’s  statement  when  it  comes 
to  absorption  of  steam.  Since  we  see  things  more  clearly  when 
we  go  to  extremes,  let  us  consider  this  question.  If  a  regenera¬ 
tor  working  with  a  pressure  range  of  one  pound  per  square 
inch  can  successfully  absorb  a  sudden  flow  of  steam  correspond¬ 
ing  to  100  000  lb.  of  steam  per  hour ;  then  can  that  same  re¬ 
generator  absorb  a  sudden  flow  of  steam  corresponding  to 
800  000  lb.  of  steam  per  hour,  if  we  allow  eight  pounds  per 
square  inch  pressure  rise  ? 

I  stand  corrected  on  the  data  concerning  the  International 
Harvester  plant.  The  publication  from  which  the  data  in  the 
tabulation  were  taken,  appeared  before  the  installation  of  the 
second  turbine  unit,  and  I  could  find  no  tests  published  after 
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the  installation  of  the  second  unit ;  hence,  the  error. 

The  remarks  in  the  table  about  all  the  German  plants 
being  -originally  non-condensing  was  misunderstood  by  Mr. 
Battu.  That  remark  refers  solely  to  the  German  plants  cited 
in  the  tabulation,  and  not  to  others. 

Mr.  Battu  cites  two  tests  on  regenerators  which  showed 
practically  dry  steam.  It  would  be  interesting  to  learn  at  what 
percentage  of  the  rated  capacity  these  regenerators  were  evap¬ 
orating  steam,  and  at  what  rate  exhaust  steam  came  in  from 
the  engines,  at  that  time.  It  would  also  be  valuable  to  learn 
how  the  calorimeter  was  attached.  It  is  well  known  that  hori¬ 
zontal  pipes  may  carry  commercially  dry  steam  near  the  top 
even  with  considerable  water  flowing  along  the  bottom  of  the 
pipe. 

The  tinal  point  under  discussion  seems  to  be  the  question 
whether  or  not  regenerators  are  capable  of  swallowing  sudden 
puffs  of  steam  without  loss  through  the  relief  valve.  Mr.  Bat¬ 
tu  says  they  are.  and  the  regenerators  which  I  have  observed 
were  not.  Probably  I  was  unfortunate  in  the  selection  of  the 
plants  which  I  visited.  It  is  evident  that  loss  of  steam  through 
a  relief  valve  can  be  minimized  by  allowing  a  sufficient  accumu¬ 
lation  of  pressure.  This  feature  increases  the  back  pressure 
on  the  engine  and  means  a  loss.  A  better  method  is  to  allow 
enough  tank  capacity  between  engine  and  regenerator  for  the 
purpose  of  storing  such  excess  steam  and  breaking  up  its 
vibrations.  Mr.  Gasche  proved  in  his  paper  that  such  tank 
capacity  might  be  better  used  by  converting  it  into  additional 
regenerator  space.  This  would  lower  the  rate  of  absorption  per 
ton  of  water  contained  in  the  regenerator  and  increase  the 
water  contents  per  k.w.  mentioned  in  my  tabulation. 

The  paper  as  well  as  the  discussion  have  convinced  me 
that  all  of  us  (the  writer  of  this  not  excepted')  have  a  great  deal 
to  learn  about  the  action  of  regenerators,  particularly  about 
their  absorption  capacity  under  variable  and  fluctuating  rates  of 
flow.  For  this  reason  I  have  taken  steps  to  install  experi¬ 
mental  apparatus  in  the  new  laboratories  of  Machinery  Hall 
Carnegie  Institute  of  Technology^  for  the  purpose  of  investi¬ 
gating  the  points  under  discussion.  I  sincerely  hope  to  be  in  a 
position  later  on  to  report  the  test  results. 
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These  notes  are  the  issue  of  a  two  years’  investigation  of 
composition  flooring.  It  involved  a  personal  study  of  work  in¬ 
stalled  by  many  manufacturers  in  the  United  States,  Germany, 
France,  England,  Belgium  and  Austria,  and  led  to  a  discussion 
of  the  material  and  experiences  growing  out  of  its  use  with  many 
home  and  foreign  manufacturers,  architects  and  engineers.  The 
meager  literature  of  the  subject,  chiefly  in  German,  has  con¬ 
tributed  what  little  it  had  to  offer.  It  has  been  possible  to  check 
and  supplement  data  from  these  sources  with  information  de¬ 
rived  from  actual  experience  in  installing  this  material.  It  is 
hoped  that  the  presentation  will  in  some  measure  serve  two 
main  purposes : 

First :  To  spread  more  accurate  information  as  to  compo¬ 
sition  flooring  and  its  characteristics; 

Second:  To  provoke  and  stimulate  a  much  more  careful 
and  scientific  study  of  flooring  problems.  Every  thoughtful  engi¬ 
neer  and  architect  is  distinctly  conscious  of  the  absence  of  stand¬ 
ardized  tests  for  interior  surfacing  materials  and  feels  the  need 
of  the  definite  scientific  data  only  to  be  secured  and  made  readily 
accessible  through  such  tests.  What  the  International  Asso¬ 
ciation  for  Testing  Materials,  the  American  Society  for  Testing 
Materials  and  the  United  States  Bureau  of  Standards  have  done 
for  many  structural,  mechanical  and  road-building  materials  is 
yet  to  be  accomplished  for  flooring. 

The  last  half  century  has  seen  many  rapid  changes  in  the 
selection,  composition  and  treatment  of  structural  and  other  ma 
terials.  Almost  weekly  the  engineer  and  the  architect  of  today 
must  study  some  new  available  material,  or  some  improvement 

To  be  presented  before  the  Structural  Section  September  *.  11*13. 

♦District  Manager  of  the  Marbleloid  Company.  Keystone  Building.  Pitts¬ 
burgh. 
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in  an  heretofore  indifferent  product  that  makes  it  a  real  world 
asset.  The  high-speed  tool  steels,  commercial  aluminum,  the 
wood  block  pavement,  portland  cement,  structural  steel,  to 
mention  but  a  few  instances,  each  carry  a  story  of  rapid  forward 
change.  The  daily  stride  in  transmuting  desire  into  fact,  in  de¬ 
livering  for  commercial  use  the  supply  for  many  a  vaguely  felt 
demand  has  been  startling.  During  this  period  an  improved 
flooring  and  surfacing  material  has  been  steadily  sought  in  every 
civilized  country.  Many  chemists  and  workers  in  Germany,  the 
United  States,  France,  England,  Belgium  and  Austria  have 
seen  bright  prospects  for  progress  in  the  use  of  magnesia  cement 
products  and,  particularly  in  Germany,  have  worked  with  vary¬ 
ing  success  toward  a  more  and  more  perfect  flooring  surface.  The 
result  is  the  so-called  composition  flooring  that  is  rapidly  ex¬ 
tending  in  use  today. 


History:  The  history  of  this  material,  like  that  of  many 
another,  has  been  one  of  apparent  early  success,  failure,  disap¬ 
pointment,  advance  and  ultimate  commercial  success.  The  basic 
process  was  worked  out,  or  at  least  given  to  the  world,  in  1866, 
by  Stanislas  Sorel  of  Paris,  France,  who  then  took  out  patents 
on  a  cementing  material  composed  of  magnesia  and  chloride  of 
magnesium  as  the  two  chief  ingredients  to  which  other  powdered 
substances  could  be  added.  Somewhat  later  “Sorel  Stone”  was 
widely  hailed  as  a  valuable  addition  to  the  building  resources 
of  our  own  and  other  countries.  Experience  and  use,  however, 
made  it  clear  that  the  weathering  and  enduring  properties  neces¬ 
sary.  particularly  for  exterior  use,  were  missing  and  Sorel  Stone 
failed  of  its  early  promise.  It  wasn’t  there  with  the  staying 
qualities.  But  chemists,  manufacturers  and  workers  had  been 
given  a  suggestion,  a  working  basis  for  study,  experiment  and 
effort.  From  Sorel ’s  basic  compound  they  have  developed  a 
permanent  floor  surface  by  the  addition  and  treatment  of  dif¬ 
ferent  ingredients.  Some  120  different  chemicals  and  some  88 
formulae  have  been  tried  out  commercially  in  this  country  alone. 
It  is  mainly  due  to  the  German  chemists,  however,  that  a  really 
desirable  commercial  material  has  been  evolved.  Gradually 
through  improvement,  failure  and  again  improvement, 
the  border  between  a  doubtful  and  a  really  desirable  flooring 
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material  was  crossed.  This  occurred  about  seven  years  ago, 
and  since  that  time  most  of  the  German  manufacturers,  and 
there  are  now  150  of  them,  some  of  the  English  and  a  few  of 
the  American  manufacturers  have  been  furnishing  a  durable, 
desirable  material. 

General  Description  of  Composition  Flooring:  Composition 
flooring  is  a  light-weight,  fireproof,  resilient  covering.  It  is  laid 
plastic,  usually  about  one-half  inch  thick,  and  sets  in  a  few 
hours  into  a  seamless,  tough,  warm  and  rather  quiet  mass  ; 
in  appearance  and  feel  not  unlike  high-grade  battleship  lin¬ 
oleum.  Its  jointless  character  and  comparative  freedom  from 
cracks  due  to  warping,  uneven  settlement  and  vibration  of  build¬ 
ings  give  it  special  sanitary  value.  It  is  laid  over  wood,  metal,  or 
concrete,  and  adheres  firmly  thereto.  It  appears  in  many  colors 
and  combinations  of  color  from  black  to  a  light  pearl  gray.  Prob¬ 
ably  98  percent  of  the  work,  however,  is  red,  buff,  or  gray.  In 
general,  colors  other  than  these  three  are  utilized  only  for  bor¬ 
ders,  ribbons  and  special  designs.  Mineral  pigments  are  used 
almost  universally,  and,  except  in  the  blues  and  greens,  the 
colors  are  fast.  Blues  and  greens  in  the  course  of  years  fade 
to  much  lighter  shades  than  when  first  installed.  This  fading 
detracts  somewhat  from  the  appearance  of  the  work,  but  does 
not  accompany  any  appreciable  deterioration  in  wear  or  life. 

Field  of  Use  and  Usef  ulness :  From  the  start  magnesia 
cement  flooring  has  attracted  attention  primarily  because  of  its 
sanitary  qualities.  These  it  combines  with  a  warmth,  resilience 
and  degree  of  quietness  not  possessed  by  concrete,  tile  or  terra/.  - 
zo.  It  was  first  installed  in  hospitals,  schools,  asylums,  public 
and  semi-public  buildings.  Its  use  in  buildings  of  this  charac¬ 
ter  has  extended  more  and  more  rapidly  during  the  past  few 
years  so  that  there  are  today  probably  not  less  than  (>,000  such 
installations  in  this  country.  It  was  then  laid  and  tried  out  with 
a  favor  that  has  steadily  gathered  momentum  in  other  places 
where  cleanliness  has  been  a  chief  desideratum.  1  refer  to 
restaurants,  dairies,  candy  factories,  hotels  and  the  service  part 
of  residences. 

Since  the  application  of  concrete,  marble  and  other  non 
elastic  flooring  materials  in  engine-room  and  power-house  con 
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struction  engineers  have  been  disturbed  by  the  destructive  effect 
of  the  dust  of  abrasion  upon  armatures,  bearings  and  the  fric¬ 
tional  parts  of  mechanical  equipment.  The  simple  expedient  of 
oiling  the  flooring  has  done  away  with  much  of  the  trouble.  To 
many  architects  and  engineers,  however,  this  has  been  a  tem¬ 
porary  make-shift.  They  have  felt  the  need  of  a  permanent 
surface  that  would  not  require  this  interval  treatment.  They 
noted  that,  by  reason  of  its  toughness  and  slight  give  under 
pressure,  composition  flooring  yielded  much  less  dust  of  abrasion 
than  any  of  the  above  mentioned  materials.  They  noted  also 
that  it  was  fireproof  and  a  poor  conductor  of  both  heat  and 
electricity.  They  tried  it  out,  with  the  result  that  the  New  York 
Edison  Company  is  but  one  of  many  corporations  that  are  using 
it  extensively  today. 

Still  more  recently  industrial  concerns  have  put  it  to  use 
in  places  where  many  employees  are  on  their  feet  for  hours  at 
a  stretch  and  where  heavy  or  constant  trucking  has  destroyed 
the  more  generally  used  Portland  cement  concrete  surface.  In 
reducing  foot  weariness  it  proves  to  be  about  on  a  par  with 
maple  flooring.  As  a  wearing  surface  under  heavy  trucking  it 
has  a  much  longer  life  than  cement,  wood  or  asphalt.  Asphalt 
would  probably  equal  it  in  durability  were  it  not  that  asphalt 
creeps  under  traction  and  grows  brittle  with  age.  Actual  wear 
in  runways  through  which  trucks  frequently  pass  and  in  livery 
stables  where  the  corks  of  sharp-shod  horses  attack  the  surface 
returns  a  verdict  distinctly  in  favor  of  composition  flooring.  In 
Germany  it  is  already  a  standard  material  for  industrial  plant 
use.  In  this  country,  where  application  to  this  field  is  more 
recent,  its  use  is  spreading.  It  is  also  finding  its  way  into 
garages  and  firehouses. 

To  enumerate  all  of  the  classes  of  buildings  in  which  it 
has  been  used  with  some  satisfaction  would  be  to  mention  practi¬ 
cally  every  type  of  fireproof  building  in  existence.  The  follow¬ 
ing  are,  however,  types  in  which' it  has  to  date  demonstrated 
great  usefulness :  hospitals,  schools,  institutions,  power  plants, 
stores,  dairies,  restaurants,  hotels,  industrial  plants,  firehouses, 
garages  and  the  service  part  of  residences. 
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It  is  extensively  used  for  wainscot,  base,  both  treads  and 
risers  of  stairs,  trim  and  even  ceiling.  It  is  as  a  flooring,  how¬ 
ever,  that  such  a  material  is  subjected  to  the  severest  use,  and 
for  this  reason  the  discussion  will  be  concentrated  upon  its  floor 
value. 

Physical  Characteristics  and  Properties :  Manifestly  the 
usefulness  of  any  flooring  material  rests  in  its  physical  charac¬ 
teristics  and  properties.  The  engineer  or  architect  who  chooses 
wisely  narrows  his  option  to  proved  materials.  He  then  applies 
commonsense  and  makes  a  more  or  less  thoughtful,  .considered 
selection  of  the  material  which  will,  according  to  the  data  avail¬ 
able,  best  answer  his  purposes.  If  he  has  been  even  slightly 
thorough  he  has  faced  many  factors,  each  of  inconstant  value 
varying  with  the  use  to  which  the  flooring  is  to  be  subjected, 
but  each  of  which  must  none  the  less  play  its  part  more  or  less 
consciously  in  the  final  determination.  What  are  thee  proper¬ 
ties  that  he  must  weigh  in  an  even  semi-scientific  appraisal?  1 
find  no  less  than  18  important  factors.  They  are 

1.  Cleanliness — Sanitary  Characteristics. 

2.  Quietness. 

3.  Immunity  from  Abrasion. 

4.  Resilience. 

5.  Immunity  from  Slipperiness. 

6.  Appearance. 

7.  Degree  Waterproof. 

8.  Plasticity. 

9.  Warmth — Thermal  Insulation. 

10.  Life — Immunity  from  Deterioration  with  Age. 

11.  Degree  Acid-proof. 

12. '  Degree  Alkali-proof. 

13.  Fire-resistance. 

14.  Elasticity. 

15.  Crushing  Strength. 

16.  Structural  Strength. 

17.  Immunity  from  Expansion  and  Contraction. 

18.  Lightness. 

Under  some  conditions  appearance  is  of  prime  importance; 
under  others,  cleanliness;  under  others,  freedom  trom  abrasion 
But  for  the  great  majority  of  flooring  conditions  the  relative 
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value  of  each  factor  corresponds  to  its  place  in  the  above  list. 
A  closer  relative  valuation  is  to  be  found  in  Table  No.  1. 

RELATIVE  IMPORTANCE  OF  EIGHTEEN  FLOOR  PROPERTIES 

Cleanliness, 

Quietness, 

Abrasion, 

Resilience, 

Slipperinesa, 

Appear anoe, 

Waterproof, 

Plasticity, 

Warmth, 

Life, 

Fireproof, 

Elasticity, 

Crushing  Strength, 

Rupture, 

Acid-proof, 

Alkali-Proof 
Expansion, 

Weight, 

Table  No.  1. 

The  above  table  represents  a  valuation  placed  upon  each 
characteristic  after  weighing  it  under  fourteen  standard  con¬ 
ditions  of  use  in  restaurants,  toilets,  factories,  hospitals,  schools 
and  residences.  No  doubt  every  thoughtful  appraiser  will  use 
slightly  different  figures.  The  general  results  will,  I  believe, 
closely  approximate  those  here  given.  The  appraisal  in  detail 
is  set  forth  in  Table  No.  2. 

In  the  interesting  study  of  composition  flooring  and  eight¬ 
een  other  standard  flooring  materials  which  follows  I  have  used 
official  recognized  data  wherever  available,  drawing  among 
other  sources  upon  the  manuals  of  Box,  Merriman,  Trautwine, 
Kankine,  Kent  and  Thurston,  the  Smithsonian  Physical  Tables. 
Transactions  of  the  American  Society  for  Testing  Materials,  and 
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RELATIVE  VALUE  OF  EIGHTEEN  PHYSICAL  CHARACTERISTICS  UNDER  FOURTEEN  STANDARD  CONDITIONS  OF  USE 
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such  information  as  could  be  secured  by  inquiry  from  the  United 
States  Bureau  of  Standards.  The  above  sources,  however,  are 
sadly  lacking  in  physical  data  regarding  many  of  the  commonest 
building  materials,  and  it  has  been  necessary  to  draw  upon  the 
results  of  private  tests  and  appraisal  for  supplementary  infor¬ 
mation.  ( See  Appendix ,  Note  1.) 

Cleanliness — Sanitary  Characteristics :  Composition  floor¬ 
ing  is  laid  plastic  in  one  or  two  coats  and  sets  in  a  monolithic 
mass.  When  ribbons  and  borders  are  employed  these  are  in¬ 
serted  before  the  set  is  complete.  Where  base  and  wainscot 
are  used  these  are  ordinarily  run  into  the  flooring  material  with 
a  cove  so  that  the  finished  work  has  a  smooth,  jointless  surface, 
which  can  be  freely  mopped,  scrubbed  and  cleaned,  and  which 
offers  no  refuge  for  filth  and  germs.  Because  of  its  plasticity 
it  is  free  from  cracks  due  to  uneven  settlement  of  buildings 
such  as  are  almost  inevitable  with  tile,  concrete,  marble  and 
other  non-flexible  materials.  Table  No.  3  indicates  its  relative 
sanitary  value  among  19  standard  flooring  materials. 


CLEAN  LINESS — SANITARY  PROPERTIES 


C omposition  Flooring . 100 

Portland  Cement  Concrete.  .  90 

Terrazzo  .  90 

Marble  . .  85 

Tile,  Clay . 75 

Mosaic  .  75 

Linoleum  .  70 

Asphalt  .  70 

Slate  .  60 

Table 


Limestone  .  50 

Brick  Paving .  50 

Cork  Tile .  40 

Maple  .  35 

Oak  .  35 

White  Pine .  32 

Face  Brick . 25 

Common  Brick  .  6 

Rubber  Tile  .  0 

No.  3. 


Quietness :  In  quietness  composition  flooring  ranks  high, 
four  only  of  the  materials  normally  used  surpassing  it,  cork, 
rubber,  linoleum  and  carpeting.  Ratings  for  19  materials  are 
given  in  Table  No.  4. 


QUIETNESS 


Cork  Ti  e  . 100 

Rubber  lvle . . 98 

Linoleum  .  96 

Composition  Flooring . 75 

Asphalt  .  75 


White  Pine  .  60 

Yellow  Pine  .  60 

Maple  .  50 

Oak  .  50 

Common  Brick  .  10 
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Face  Brick  .  . . . , 

Tile  Clav  .  . . . : . 

5 

Marble  . 

....  6 

Mosaic  . 

5 

Limestone  . 

. . .  1) 

Portland  Cement  Concrete.  . 

5 

Slate . 

. .  .  6 

Terrazzo  . 

0 

Pavinsr  Rriek  .  . . 

Table 

No.  4. 

Abrasion  :  The  dust  of  abrasion  creates  a  serious  objection 
to  the  use  of  many  materials  in  many  locations.  It  damages 
the  tilings  upon  which  it  falls;  it  is  distinctly  unhealthy;  it 
accompanies  the  destruction  of  the  flooring  from  which  it  is 
abraded.  Toughness  is  almost  always  the  anti-toxin.  Composi¬ 
tion  flooring  possesses  this  quality  in  a  high  degree,  and  it  has 
a  relatively  high  immunity  from  abrasion,’ ranking  therein  with 
linoleum  at  the  head  of  all  flooring  materials.  See  Table  No.  5. 
( See  Appendix ,  Note  2.) 


RELATIVE  IMMUNITY  FROM  ABRASION. 


Composition  Flooring  .  .  . 

. . .100 

Mosaic  . 

40 

Linoleum  . 

. .  .100 

Rubber  Tile . 

30 

Cork  . 

...05 

Paving  Brick  . 

30 

Maple  . 

,  ...  05 

Slate  . 

20 

Oak . 

...  05 

Marble  . 

20 

Asphalt  . 

Limestone  . 

12 

White  Pine  . 

...  00 

Portland  Cement  Concrete.  . 

10 

Yellow  Pine . 

. . . .88 

Face  Brick  . 

5 

Terrazzo  . 

.  .  .  40 

( 'ommoii  Brick  . 

0 

Tile.  Clav  . 

...  40 

Table 

No.  5. 

Resilience:  That  characteristic  of  a  flooring  material  by 
virtue  of  which  it  recovers  when  put  to  work,  when  a  load  has 
been  placed  upon  it,  has  much  to  do  with  the  tired  feeling  in  the 
foot  traveler  over  its  surface.  Fatigue  in  material  and  traveler 
are  largely  coincident.  The  desirable  characteristic  is  resilience. 
It  is  the  most  pleasing  feature  under  the  tread  that  a  floor  can 
possess.  For  restaurants,  offices,  factories  and  places  where  peo¬ 
ple  are  forced  to  stand  for  hours  at  a  stretch  it  is  a  cash  asset. 
Composition  flooring  here  ranks  high.  Cork  tile,  linoleum,  rub¬ 
ber  tile  when  new,  and  white  pine  possess  somewhat  more  re¬ 
silience  and  owe  much  of  their  flooring  value  to  this  fact.  Yet 
eork  tile,  linoleum  and  rubber  tile  are  slightly  more  tiring  be- 
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cause  owing  to  their  softness  they  offer  more  frictional  resist¬ 
ance  to  the  foot  or  truck  wheel  passing  above.  An  inspection  of 
Table  No  6  reveals  the  relative  resilience  of  the  principal  floor¬ 
ing  materials. 


RELATIVE  RESILIENCE  OF  FLOORING  MATERIALS 

Cork  Tile  . 

....100 

Tile,  Clay  . 

4 

Linoleum  . 

. . . .100 

Paving  Brick . 

4 

K  ubber  Tile  . 

. ...  95 

Marble  . 

3 

White  Pine  . 

. ...  95 

Limestone  . 

3 

Composition  Flooring  . 

. ...  90 

Slate  . 

3 

Oak  . 

.  ...  90 

Terrazzo  . 

3 

Maple  . 

. ...  90 

Portland  Cement  Concrete.. 

1 

Yellow  Pine . 

....  90 

Face  Brick . 

1 

Asphalt  . 

. . . .  40 

Common  Brick  . 

0 

Mosaic  . 

.  . .  4 

Table 

No.  6. 

Slipperiness :  Terrazzo  and  glazed  tile  are  always  slippery. 
Concrete,  when  clean  or  untreated,  is  comparatively  immune 
from  this  objection.  When  the  surface  pores  of  concrete  are 
tilled  by  the  application  of  Master  Builders’  Compound  or  any 
waterproofing  filler,  it  also  becomes  slippery.  Composition  floor¬ 
ing  is  immune  from  slipperiness  under  all  conditions.  Herein 
it  takes  rank  with  cork,  linoleum  and  marble.  The  story  is  told 
in  Table  No.  7. 

RELATIVE  IMMUNITY  FROM  SLIPPERINESS 


Composition  Flooring  .  . 

. . .100 

Portland  Cement  Concrete.  . 

70 

Marble,  Unpolished . 

. . .100 

White  Pine  . 

00 

Common  Brick . 

. . .100 

Yellow  Pine  . 

60 

Rubber  . 

..  100 

Maple  . 

50 

Cork  . 

..  100 

Oak  . 

50 

Linoleum  . 

..  100 

Paving  Brick  . 

.30 

Asphalt . 

. . .  100 

Clay  Tile  . 

30 

Slate  . 

...99 

Terrazzo  . 

.  0 

Limestone  . 

...98 

Mosaic  . 

0 

Face  Brick  . 

...90 

Table  No.  7. 


Appearance :  In  Table  No.  8  is  indicated  the  place  which 
commercial  composition  flooring  takes  today  among  its  competi¬ 
tors.  Its  position  is  well  up  the  scale,  though  it  is  now  surpassed 
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by  six  standard  materials.  "The  rating  is  "based  upon  single 
color  composition  work.  The  appearance  of  some  of  the  work 
now  installed  and  of  many  laboratory  products  indicates  that 
the  best  work  a  few  years  bonce  will  take  rank  very  close  to  t  In- 

top  of  the  scale. 


APPEARANCE  TABLE 


Marble  . 

.  .  100 

White  Pine  . 

(in 

Oak  . 

...95 

Cortland  Cement  Concrete. . 

45 

Maple  . 

...90 

Yellow  Pine  . 

40 

Cork  Tile  . 

...  85 

Slate  . 

40 

Tile.  Clay . 

. 85 

Face  Brick . 

40 

Mosaic  . 

. . .  85 

Paving  Brick  . 

..50 

Composition  Flooring  .  . . 

. . . .  80 

Limestone  . 

20 

Terrazzo  . 

.  .  .  80 

<  ommon  Brick  . 

0 

Rubber  Tile  . 

Linoleum  . 

...80 
...  75 

Asphalt  . 

0 

Table  No.  8. 


Degree  Waterproof :  Two  factors  play  their  part  in  de¬ 
termining  the  waterproof  value  of  a  flooring.  First :  The  por¬ 
ous  or  absorbtive  character  of  the  material  itself.  Second:  The 
joints  or  seams  which,  as  usually  installed,  it  offers  to  the  pas¬ 
sage  of  liquids. 

Composition  flooring  is  practically  non-absorbent,  its  co 
efficient  of  absorption  after  48  hours  immersion  being  less  than 
two  percent.  During  the  first  few  minutes  there  is  a  slight  ab¬ 
sorption,  less  than  one  percent,  thereafter  for  a  few  days  it  very 
slowly  takes  up  more  water.  This  rate  is  indicated  in  table 
No.  9. 


AVERAGE  ABSORPTION. 


% 

Hr. 

in 

water . 

]  >er 

cent 

2' 

Hr. 

in 

water . 

. 1.1 

per 

cent 

24 

Hr. 

in 

water . 

. 1.4 

per 

cent 

48 

Hr. 

in 

water . . 

_ 1.0 

per 

cent 

Table  No.  9. 


Under  constant  immersion  there  is  a  gradual  softening  of 
the  regular  commercial  composition  which  disqualifies  it  tor 
swimming  tanks  and  for  conditions  of  permanent  wetness.  1 1 
the  material  is  intermittently  dried  there  is  no  deterioration. 
It  may  therefore  be  successfully  used  for  very  wet  places  where 
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the  moisture  is  applied  at  intervals,  as  in  the  case  of  showers, 
toilets  and  bath  rooms.  Its  jointless  feature  gives  it  a  great  ad¬ 
vantage  when  compared  with  tile  and  marble.  Terrazzo  and 
concrete  would  be  equally  jointless  were  it  not  that  owing  to 
their  brittleness  cracks  almost  always  occur  during  uneven  set¬ 
tlement.  Bearing  both  these  factors  in  mind  a  reasonable  rating 
for  the  standard  materials  is  that  given  in  Table  No.  10. 


RELATIVE  DEGREE  WATERPROOF 


Asphalt  . 

.  .  100 

Cork  . 

.  25 

Concrete  . 

..  100 

Maple  . 

.  25 

Terrazzo  . 

.  .  100 

Oak  . 

.  25 

Slate  . 

...  95 

White  Pine  .  . . .' . 

. 25 

Composition  Flooring  .  . 

...  90 

Yellow  Pine . .  . 

. 25 

Marble  . 

...90 

Paving  Brick . 

.  10 

Limestone  . 

.  .  .  90 

Face  Brick . 

.  5 

Tile  . 

. ..  90 

Common  Brick  . 

.  0 

Mosaic  . 

...90 

Rubber  . 

.  0 

Linoleum  . 

...50 

Table  No.  10. 


Plasticity :  Every  building  settles  more  or  less  unevenly 
and  becomes  a  warped  structure.  In  some  buildings  also  there 
is  pronounced  vibration  and  bending  of  the  flooring  under  loads. 
A  frequent  evidence  of  this  warping  is  seen  in  the  diagonal  wall 
cracks  which  extend  from  one  corner  of  a  room  toward  the  oppo¬ 
site  corner  of  the  same  wall  surface.  If  the  flooring  is  sufficient¬ 
ly  flexible  it  will  adapt  itself  to  the  new  condition  without  visible 
effect.  If  not,  cracks  appear  in  the  floor.  Linoleum,  cork  tile, 
rubber  tile  and  wood  are  ideal  in  this  regard.  Terrazzo,  clay 
tile  and  stone,  on  the  other  hand,  have  but  little  give.  Compo¬ 
sition  flooring  has  a  plasticity  midway  between  the  two  classes. 
It  will  never  crack  under  normal  settlement  warping,  though 
cracks  occasionally  appear  when  the  settlement  is  extreme.  With 
terrazzo,  concrete  or  tile  fifty  cracks  will  occur  to  one  in  the 
composition.  The  plasticity  rating  of  the  principal  flooring 
materials  is  given  in  Table  No.  11. 

RELATIVE  PLASTICITY  OF  NINETEEN  FLOORING  MATERIALS 


Linoleum  . 

.  100 

Oak  . 

.  95 

R ubber  Tile  . 

.  100 

White  Pine  . 

. 95 

Hard  Maple  . 

Cork  . 

.  95 
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Yellow  Pine  . 

. . . .94 

Limestone  . 

O 

•  f 

Composition  Flooring  .  .  . 

. .  .  50 

Slate  . 

3 

Asphalt  . 

. .  .  30 

Portland  Cement  Concrete... 

1 

Paving  Brick . 

. .  .  4 

T errazzo  . 

Tile.  Clay  . 

.  .  .  4 

Face  Brick . 

1 

Mosaic  . 

.  .  .  4 

Common  Brick  . 

0 

Marble  . 

...  3 

Table  No.  11. 


Warmth — Thermal  Insulation :  Cork  is  the  warmest  floor 
ing  material  in  standard  use.  Composition  comes  next,  ranking 
but  little  lower.  It  is  therefore  particularly  desirable  for  bath 
rooms,  bed  rooms,  refrigerating  rooms,  schools  and  for  conditions 
where  it  is  desirable  to  retard  heat  transference.  An  examin¬ 
ation  of  Table  No.  12  brings  out  clearly  its  thermal  value  as 
contrasted  with  marble,  tile,  terrazzo  and  certain  other  materials 
now  extensively  used  for  these  purposes.  ( See  Appendix ,  Note 
3.) 


RELATIVE  HEAT  INSULATING  PROPERTIES 


Cork  . 

.  .  .  100 

Face  Brick . 

.  8 

Composition  Flooring  .  . 

. . . .  98 

Marble  . 

.  5 

Rubber  Tile . 

.  .  .  .  90 

Limestone  . 

.  5 

Maple  . 

.  .  90 

Slate  . 

.  5 

Oak  . 

. ...  90 

T errazzo  . 

.  5 

White  Pine  . 

. . . .  90 

Concrete  . 

Yellow  Pine  . 

. . . .  90 

Paving  Brick  . 

.  0 

Asphalt  . 

.  ...  60 

Tile.  Clav  . 

.  0 

Common  Brick  . 

.  . . .  10 

Mosaic  . 

.  0 

Table  No.  12. 


Life :  The  life  of  composition  flooring  when  properly  in¬ 
stalled  is  undetermined.  Material  suitably  installed  six  or  eight 
yeas  ago  shows  no  appeciable  deterioration.  It  will  doubtless 
be  good  for  100  years.  If  it  has  not  the  life  of  marble,  tile  and 
mosaic  which  are  good  for  more  than  1000  years,  composition 
flooring  will  none  the  less  outlive  the  usefulness  of  the  building 
in  which  it  is  installed,  except  in  the  rare  instances  of  certain 
monumental  buildings.  For  these  instances  the  following  ac¬ 
tuary’s  table  may  have  a  significance.  See  Table  No.  13.  In 
general,  it  may  be  considered  immune  from  the  feebleness  of  old 
age. 
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LIFE 

TABLE 

Marble  . 

100 

Common  Brick  . 

.  60 

Tile  . 

100 

Cork  . 

.  50 

Paving  Brick . 

100 

Maple . 

. 50 

Mosaic  . 

100 

Oak  . 

. 50 

Slate  . 

.  99 

White  Pine  . 

.  45 

Limestone  . 

.  98 

Yellow  Pine  . 

.  40 

Terrazzo  . 

.  95 

Linoleum  . 

Portland  Cement  Concrete . 

.  90 

Asphalt  . 

.  5 

Composition  Flooring:  .  . .  . 

.  .70 

Rubber  . 

.  0 

Face  Brick  . 

.  70 

Table  No.  13. 


Acid-Proof ,  Degree :  Composition  flooring  is  not  acid- 
proof.  Almost  any  concentrated  acid  will  attack  it.  In  fact, 
none  of  the  flooring  materials  are  entirely  proof  against  acid 
attack,  even  vitrified  tile  is  a  victim.  In  those  unusual  condi¬ 
tions  where  strong  acids  reach  the  floor  surface,  as  in  certain 
chemical  plants,  it  should  not  be  used.  Tile  or  paving  brick 
are  much  more  desirable.  These  instances  are  infrequent,  as 
generally  it  is  important  only  that  a  flooring  material  be  prac¬ 
tically  unharmed  by  occasional  contact  with  dilute  solutions. 
Composition  flooring  meets  this  requirement.  The  acid-proof 
rating  of  the  standard  materials  under  concentrated  solutions 
is  given  in  Table  No.  14. 


RELATIVE  ACID  RESISTANCE 


Tile,  Clay  . 

.  100 

Marble  . 

. .  .  30 

Paving  Brick  .  . 

. 100 

Limestone  . 

...30 

Mosaic  . 

.  90 

Cork  Tile  . 

. . . .30 

Face  Brick . 

. 90 

Maple  . 

.  .  .  30 

Common  Brick  .  . 

.  80 

White  Pine  . 

..  30 

Terrazzo  . 

.  50 

Yellow  Pine  . 

. .  .  30 

Portland  Cement 

Concrete.  .  50 

Linoleum  . 

. .  .  25 

Asphalt  . 

.  50 

Composition  Flooring  .  .  . 

.  .  .  10 

Slate  . 

. 40 

Rubber  . 

. .  .  0 

Oak  . 

.  33 

Table  No.  14. 


Alkali-Proof,  Degree:  The  material  is  practically  alkali- 
proof  for  normal  use.  It  may  be  freely  washed  with  gold  dust, 
pearline,  soap  and  the  usual  lye  compounds,  and  washing 
powders  which  raise  hob  with  linoleum.  However,  it  is  not 
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completely  immune.  Tlie  relative  alkali  resistance  of  standard 
flooring  materials  is  given  in  Table  No.  15. 


RELATIVE  ALKALI 

RESISTANCE 

Tile,  Clay . 

. 100 

Oak  . 

90 

Terrazzo  . 

.  100 

White  Pine  . 

80 

Mosaic  . 

.  100 

Yellow  Pine  . 

80 

Paving  Brick  .  . 

.  100 

Cork  . 

80 

Marble  . 

.  95 

Portland  Cement  Concrete.  . 

70 

Limestone  . 

.  95 

Asphalt  . 

50 

Slate  . 

. 95 

Composition  Flooring . 

10 

Common  Brick  . 

.  95 

Rubber  Tile . 

10 

Face  Brick . 

. 95 

Linoleum  . 

0 

Maple  . 

.  90 

Table  No.  15. 


Fireproof,  Degree :  Composition  flooring  is  fireproof.  It 
may  be  heated  to  a  temperature  of  1700  deg.  Fahr.,  chilled  in 
water,  reheated,  chilled  and  heated  again,  and  will  not  be  de¬ 
stroyed.  It  will  stand  temperatures  in  excess  of  those  usually 
found  in  burning  buildings  and  is  much  above  the  fireproof  re¬ 
quirements  of  city  building  codes  and  fire  insurance  companies. 
Among  fireproof  flooring  materials  it  is  unique  in  its  possession 
of  softness,  warmth  and  comfort  under  the  foot.  Among  the 
pleasant  feeling  flooring  materials  it  alone  is  fireproof.  See 
Table  No.  16.  (See  Appendix,  Note  4.) 

RELATIVE  RESISTANCE  TO  FIRE 


Composition  Flooring  .  .  .  . 

.  100 

Mosaic  . 

.  100 

Marble  . 

.  100 

Rubber  Tile . 

.  0 

Limestone  . 

.  100 

Cork  . 

0 

Slate  . 

.  100 

Maple  . 

0 

C oncrete  . 

.  100 

Oak  . 

...  o 

Common  Brick  . 

.  100 

White  Pine . 

0 

Face  Brick  . 

100 

Yellow  Pine  . 

.  0 

Paving  Brick  . 

.  100 

Linoleum  . 

0 

Tile,  Clav . : . 

.  100 

Asphalt  . . .  .  . 

M 

Terrazzo . 

.  100 

Table 

No.  16. 

Elasticity :  Rubber  tiling,  when  new  and  before  the  oxi 
dation  which  accompanies  its  rather  rapid  deterioration,  has  a 
pleasant,  appealing  elasticity  under  the  tread.  Linoleum  has 
the  same  virtue.  Composition  strikes  the  middle  ground  between 
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ceramic  and  rubber  tiling.  Its  place  is  indicated  in  Table 
No.  17.  ( See  Appendix ,  Note  5.) 


RELATIVE  ELASTICITY  OF  FLOORING  MATERIALS 


Linoleum  .  100 

Rubber  .  100 

Maple  .  90 

Oak . 90 

White  Pine  . 90 

Yellow  Pine  .  80 

Cork  .  70 

Asphalt . 60 

Composition  Flooring . 50 

Tile,  Clay . 5 

Table 


Paving  Biiek  .  5 

Mosaic  Tile 
Terrazzo  .  , 

Marble  ... 

Slate .  3 

Limestone .  3 

Portland  Cement  Concrete.  .  1 

Face  Brick  . 1 

Common  Brick  .  0 


No.  17. 


Crushing  Strength :  Because  for  many  purposes  the  crush¬ 
ing  strength  of  a  building  material  is  of  vital  significance,  as  in 
the  case  of  a  foundation  or  understructure,  it  has  become  cus¬ 
tomary  to  apply  tests  for  this  to  flooring  materials.  As  a  matter 
of  fact  all  of  the  standard  flooring  materials  will  carry  the  loads 
asked  of  them  and  crushing  is  of  but  little  moment.  Under 
special  conditions,  however,  this  strength  may  be  important.  In 
such  an  event  Table  No.  18  is  of  interest.  Composition  flooring 
ranks  midway  between  tile  and  concrete.  ( See  Appendix , 
Note  6.) 

RELATIVE  CRUSHING  STRENGTH 


Marble  . 

100 

Terrazzo . 

. 30 

Paving  Brick  . 

.  .79 

Oak  . 

.  15 

Limestone . 

.  74 

Maple  . 

Slate  . 

.  74 

Yellow  Pine . 

.  9 

Tile,  Clav  . 

.  .50 

Asphalt  . 

.  9 

Face  Brick  . 

.  .47 

White  Pine . 

Mosaic  . 

.  40 

Cork  . 

o 

Composition  Flooring . 

.  40 

Linoleum  . 

o 

Common  Brick  . 

.  31 

Rubber  Tile  . 

.  0 

Portland  Cement  Concrete. 

.  30 

Table  No.  18. 


Structural  Strength  :  The  modulus  of  rupture  of  a  building 
material  is  a  measure  of  its  beam  value.  It  is  an  index  also  to  its 
structural  worth.  Composition  flooring  ranks  fifth  among  the  19 
standard  materials  used  as  flooring.  It  is  always  attached  to. 
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and  is  a  strengthening  unit  integral  with,  its  foundation.  It  ap- 
ciably  stiffens  the  building’s  frame.  Its  place  is  indicated  in 
Table  No.  19. 


RELATIVE  STRUCTURAL  STRENGTH 


Yellow  Pine . 

.  .  100 

Pace  Brick  . 

7 

White  Pine  . 

....  66 

Common  Brick  . 

6 

Maple  . 

...60 

Portland  Cement  Concrete.. 

5 

Oak  . 

...  56 

Terrazzo  . 

4 

Composition  Flooring  .  .  . 

. . . .  30 

Mosaic  . 

4 

Tile,  Clay . 

....25 

Cork  . 

3 

Marble  . 

...20 

Asphalt  . 

1 

Slate  . 

. ...  20 

Rubber  . 

0 

Limestone  . 

. . .  20 

Linoleum  . 

0 

Paving  Brick  . 

....  8 

• 

• 

Table  No.  19. 


Expansion  and  Contraction :  If  the  differential  expansion 
and  contraction  between  the  hard  flooring  materials  and  their 
foundations  were  great  under  ordinary  temperature  changes, 
the  fact  would  be  one  of  serious  moment.  It  is  so  slight,  how¬ 
ever,  that  the  stretch  and  give  in  the  materials  themselves  fa¬ 
cilitates  a  harmless  adjustment.  The  relative  immunity  to  ex¬ 
pansion  and  contraction  of  the  standard  materials  is  given  ap¬ 
proximately  in  Table  No.  20.  (See  Appendix,  Note  7.) 


RELATIVE  IMMUNITY  FROM  EXPANSION  OR  CONTRACTION 


Oak  . 

...  100 

Tile,  Clay  . 

.  50 

White  Pine  . 

. ...  98 

Mosaic  . 

.  50 

Yellow  Pine  . 

...98 

Maple  . 

.  45 

Cork  . 

. ...  98 

limestone  . 

.  45 

Maple  . 

. ...  96 

Slate  . 

.  32 

Linoleum  . 

....  90 

Terrazzo . 

.  0 

Composition  Flooring  .  . 

. . . .  70 

Concrete . 

.  0 

Face  Brick  . 

. ...  56 

Asphalt . 

.  0 

Common  Brick  . 

. ...  56 

Rubber  . 

0 

Paving  Brick  . 

Table 

No.  20. 

Lightness :  Composition  flooring  is  the  highest  of  tin*  tire 
proof  materials.  It  weighs  slightly  more  than  wood,  but  much 
less  than  concrete.  Table  No.  21  gives  the  relative  weight  of 
flooring  materials.  ( See  Appendix ,  Xote  8.) 
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RELATIVE 

WEIGHTS 

Cork  . 

....  100 

Asphalt . 

. 32 

White  Pine  . 

.  94 

Mosaic  . . 

.  30 

Yellow  Pine . 

.....  83 

Terrazzo  . 

.  30 

Hard  Maple  . 

.  83 

Face  Brick  . 

.  27 

Oak . 

. 81 

Tile,  Clay  . 

.  20 

Linoleum . 

. 71 

Paving  Brick . 

.  16 

Composition  Flooring  . 

. 53 

Marble  . 

.  6 

Concrete . 

. 32 

Limestone . 

.  6 

Common  Brick  . 

. 32 

Slate  . 

.  0 

Rubber  Tile  . 

. 32 

Table  No.  21. 


Comparison  of  Composition  Flooring  with  Other  Standard 
Materials:  Tn  the  foregoing  discussion  19  flooring  materials 
have  been  ranked  in  18  different  relations.  But  what,  summing 
it  all  up,  is  the  relative  worth  of  each  flooring  material  under 
conditions  of  normal  usage ?  What  value  must  we  assign  to 
each  ?  Manifestly  the  figure  will  vary  with  the  use  to  which  the 
floor  is  to  be  subjected,  and  any  floor  problem  should  be  weighed 
with  its  special  conditions  in  mind.  Most  floors  will  approxi¬ 
mate  one  of  the  fourteen  types  already  discussed.  In  that  event 
if  ray  appraisals  are  just,  the  computing  of  the  value  of  each 
flooring  material  for  the  place  is  merely  a  matter  of  arithmetic. 
(See  Table  Xo.  22.)  These  data  yield  the  following  batting  av¬ 
erages  : 

At  the  first  glance  it  may  be  somewhat  startling  to  note  that 
even  regardless  of  cost  composition  flooring  ranks  above  all  com¬ 
petitors  and  some  nine  percent  above  cork  tile,  its  nearest  rival. 
Were  it  a  freak,  or  an  old  material  adapted  to  a  new  use,  this 
would  be  indeed  surprising.  But  under  the  conditions  of  its 
birth  and  growth  it  is  but  natural.  Composition  flooring  is  the 
issue  of  prolonged  scientific  effort.  The  properties  most  to  be 
desired  in  a  flooring  were  repeatedly  determined  and  checked 
by  analysis,  observation  and  experiment.  A  wide  range  of  ma¬ 
terials  possessing  these  properties  were  assembled  in  different 
proportions.  The  synthetic  building-up  of  a  composite  material 
possessing  a  happy  blend  is  the  outcome.  Composition  is  the  re¬ 
sult  of  a  successful  attempt  to  jump  its  competitors’  liabilities 
while  bringing  their  assets  into  chemical  bond.  It  is  not  the 
product  of  one  brain  or  of  one  year,  but  the  issue  of  a  number 
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of  y£ars  of  effort  on  the  part  of  several  hundred  chemists  and 
several  thousand  workers  under  varied  conditions  in  many 
countries. 

RELATIVE  VALUES  OF  NINETEEN  FLOORING  MATERIALS  FOR  AVERAGE 

CONDITIONS  REGARDLESS  OF  COST 


Composition  Flooring, 

82 

Cork  Tile, 

72 

Linoleum, 

70 

Oak, 

03 

Maple, 

03 

White  Pine, 

02 

Yellow  Pine, 

59 

Asphalt, 

64 

Marble, 

52 

Rubber  Tile, 

49 

Slate, 

45 

Olay  Tile, 

43 

Terrazzo, 

43 

Mosaic  Tile, 

42 

Port.  Oem.  Concrete, 

42 

Limestone, 

40 

Pav.  Brick, 

33 

Face  Brick, 

30 

Common  Briok, 

25 

Table  No.  22. 

Cost :  The  cost  of  composition  flooring  varies  with  the  area 
to  be  installed  at  one  time,  and  most  manufacturers  quote  on  a 
sliding  scale  basis.  The  larger  the  installation  the  lower  the 
square  foot  price.  The  range  is  usually  between  twenty  and 
fifty  cents  per  square  foot.  When  laid  in  a  considerable  area 
the  price  is  about  one-fourth  that  of  marble,  one-half  that  of 
good  tile,  and  two-thirds  that  of  terrazzo.  It  is  about  one  and 
one-half  times  the  price  of  a  wood  floor  when  on  a  wood  foun¬ 
dation.  On  a  concrete  foundation  the  cost  of  wood  and  compo¬ 
sition  flooring  is  about  the  same,  as  the  latter  can  generally  be  set 
off  against  the  cost  of  wood  sleepers,  cinder  concrete  till  be- 
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tween  sleepers  and  the  hardwood  finish.  Table  No.  23  gives 
approximate  comparative  prices  for  composition  flooring  and 
some  other  standard  flooring  materials  during  1912  based  on 
areas  of  1000  sq.  ft.  and  ten  times  that  amount. 


Material 

Marble  . 

Cork  Tile  . . 

Rubber  Tile  . 

Tile;  Clay,  Ceramic,  Encaustic . 

Mosaic  Tile  . 

Slate  . 

Terrazzo  . 

Composition  Flooring . 

Wood,  Hard  Maple  . 

Asphalt . 

Linoleum  . 

Portland  Cement,  Mortar  Finish . 

Table  No.  23. 


Price  Per  sq.  ft. 

1000  sq.  ft. 

10  000  sq 

$1.25 

$1.00 

.85 

.75 

.60 

.50 

.60 

.50 

.60 

.50 

.50 

.45 

.40 

.35 

.33 

.25 

.18 

.16 

.25 

.15 

.12 

.10 

.08 

.06 

Installation:  Composition  flooring  involves  chemical  mix¬ 
tures  and  reactions  both  in  the  manufacture  of  the  materials 
and  in  the  process  of  installation.  The  best  results,  just  as  in 
the  filling  out  by  the  druggist  of  a  physician’s  prescription,  in 
the  manufacture  of  an  alloy  steel  and  in  the  manufacture  of 
Portland  cement,  require  a  nice  adjustment  of  many  factors.  On 
the  surface  it  may  appear  that  the  engineer,  architect  or  owner 
is  free  to  follow  the  same  practice  as  when  specifying  portland 
cement  concrete.  W7ith  the  concrete  he  will  specify  portland  ce- 
ment,  sand  and  aggregate  each  to  conform  to  certain  established 
standards.  He  will  specify  a  standardized  mixture.  With  honest 
workmanship  the  resulting  concrete  will  answer  his  purposes. 
Even  though  one  batch  of  material  contain  a  little  too  much 
sand  and  another  is  a  little  deficient  in  cement,  ordinarily  no 
serious  damage  results  to  the  finished  work.  He  has  a  factor  of 
safety  between  him  and  trouble.  He  is  also  protected  by  the 
fact  that  the  portland  cement,  the  material  which  might  give 
him  the  most  trouble,  has  been  manufacured  in  a  standardized 
plant  under  careful  chemical  supervision  with  direct  reference 
to  passing  certain  established  tests.  Previous  to  use  these  tests 
have  been  applied. 
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y, Jaw /ary  Cored  Bars*  /  "  /A/ c£ 


-Cpper  f/rr*  framed  sor/erce  "/A/cA 


T 


//nderd/Aroirs  co a/  £  "/Arc/ 
To/ a  A  -g  "/A re  A 


Typical  Compos/ ho/?  F/oorwg  &  Past  ///M/a// 0/7  00  Coccrc/e  F/oor. 

With  composition  flooring,  however,  he  is  in  quite  a  differ¬ 
ent  situation.  The  materials  are  manufactured  and  delivered  to 
his  job  subject  to  no  standard  tests.  Proper  preparation  of 
foundation,  mixing  of  materials  and  installation,  each  require 
far  greater  knowledge  and  accuracy  in  proportioning  and  skill 
in  finishing  than  is  required  with  concrete.  I  nder  certain  con¬ 
ditions  the  foundation  should  have  a  priming  coat  which  would 
be  harmful  under  others.  An  excess  of  chloride  will  cause  a 
bloom,  or  efflorescence,  on  the  finished  work.  Insufficient  chloric!** 
will  weaken  the  product  materially.  A  temperature  ot  50  deg. 
and  a  temperature  of  90  deg.  at  the  place  of  installation  calls 
for  different  methods  in  application.  Troweling  is  a  nice  art 
in  which  both  time  and  method  have  much  to  do  with  the  ap¬ 
pearance  and  durability  of  the  finished  floor.  If,  however,  all  of 
the  steps  of  the  process  from  the  raw  material  are  intelligently 
carried  through  according  to  known  and  definite  procedure  the 
resulting  product  will  be  durable,  attractive  and  a  source  ot 
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permanent  satisfaction.  For  these  reasons  the  wise  architect,  or 
engineer,  will  designate  the  material  of  that  manufacturer,  or 
of  those  manufacturers,  which  he  knows  from  investigation  is 
of  a  sufficiently  high  standard.  He  may,  of  course,  oftentimes 
with  wisdom,  add  the  words,  ‘'or  equal,”  in  order  to  secure 
wide  competition.  He  should  never  do  this,  however,  unless 
he  is  prepared  to  investiate  products  before  unknown  to  him 
that  may  be  offered  at  lower  figures  than  the  known.  He  should 
always  require  the  manufacturer  to  lay  his  own  material  and 
to  guarantee  it  for  at  least  one  year  against  cracking,  chipping 
or  other  structural  defects  in  the  composition  flooring. 


Tj/prca/  Compos/ /ion  F/oonnj  <C  5ose  ins/a/fa/ion  on  food  f/oor. 


The  Foundation :  This  material  may  be  laid  upon  wood, 
concrete,  iron  or  steel  foundations.  It  can  not  be  laid  directly 
upon  plaster,  King’s  Windsor  cement,  adamant  plaster,  plaster 
board,  brick  or  terra  cotta. 

It  may  be  laid  upon  new  or  old  wood  floors.  The  wood  floor¬ 
ing  should  be  well-seasoned,  not  over  six  inches  wide  and  not 
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less  than  seven-eighths  of  an  inch  thick.  It  must  he  securelv 
face-nailed  to  each  under  beam.  Where  possible  this  under 
flooring  should  be  laid  rough  side  up.  It  must  be  such  that  it 
will  not  sag  under  the  load  for  which  the  floor  is  intended.  Tin* 
best  practice  is  to  apply  expanded  metal  lath,  about  27  gaug*. 
or  similar  reinforcement,  on  all  wooden  foundations.  Some 
concerns,  however,  omit  the  metal  reinforcement  under  certain 
conditions.  The  omission  cuts  the  cost  only  about  1.5c  per 
sq.  ft.  The  added  protection  from  its  presence  more  than  off¬ 
sets  this  saving.  Whatever  slow  chemical'  reactions  may  be  set 
up  between  the  metal  and  the  material  are  so  unimportant  as 
to  be  negligible. 

The  foundation,  when  of  concrete,  should  be  of  a  fairly  rich 
mixture  composed  of  portland  cement,  clean,  sharp  sand  and 
an  aggregate  of  steam  cinders,  gravel  or  broken  stone  in  i 
proportion  not  weaker  than  1:3:5.  It  is  important  that  the 
mortar  which  flushes  to  and  near  the  surface  under  tamping 
be  not  less  than  1  :3.  Otherwise,  while  the  composition  will  ad¬ 
here  firmly  to  it,  there  is  danger  of  cleavage  in  the  concrete 
just  belowr  its  plane  of  contact  with  the  composition.  A  rough 
wood  float  finish  is  desirable.  The  concrete  should  b<*  thoroughly 
set  and  dry  before  the  composition  is  applied. 

Iron  and  steel  foundations  should  be  rough  finished  and  un¬ 
painted. 

Preparation ,  Deliver y  and  Character  of  Materials :  The 
materials  to  be  used  in  the  case  of  any  high-grade  floor  are  pre¬ 
pared  at  a  factory  and  delivered  to  the  job  in  two  units,  the 
magnesium  chloride  and  the  dry  mixture. 

The  Magnesium  Chloride  -.  The  magnesium  chloride  is  fur¬ 
nished  either  in  concentrated  solution  or  as  a  solid  salt.  In 
either  case  enough  wTater  is  added  to  bring  it  down  to  the  proper 
strength,  21  to  22  degrees,  Beaume,  where  the  temperature  at 
the  place  of  installation  is  around  70  deg.  Fahr. 

The  Dry  Mixture :  This  is  a  mixture  of  all  other  ingred¬ 
ients.  Where  twro  coats  are  used,  and  two  coats  is  the  best 
practice,  the  material  for  each  coat  is  separate.  Where  more 
than  one  color  is  desired,  the  material  for  each  color  is  separate. 
Xo  coloring  is  done  on  the  job. 
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In  winter  it  is  necessary  to  have  artificial  heat  where  the 
material  is  being  installed  so  that  a  temperature  of  from  50  to 
70  deg.  Fahr.  may  be  maintained.  At  much  below  the  former 
temperature  the  chemical  reactions  which  take  place  in  setting 
will  not  go  forward.  When  there  is  difficulty  in  maintaining 
at  least  50  degrees  Fahr.  an  increase  in  the  strength  of  the 
chloride  solution  one  or  two  degrees  Beaume  will  help,  as  it 
hastens  the  reactions.  It  is  never  wise,  however,  to  raise  the 
strength  above  24  degrees. 

Mixing ,  Laying  and  Finishing :  Just  before  applying  the 
regular  flooring  material  the  foundation,  whether  of  wood,  con¬ 
crete  or  metal,  should  be  wet  down  with  the  chloride  solution 
as  above  prepared.  The  powdered  material  should  be  mixed 
thoroughly  with  the  solution  until  the  mass  is  pasty  like  mortar 
plaster.  It  should  be  laid  at  once.  Where  possible  all  of  the 
floor  to  be  installed  at  one  time  should  be  mixed  in  one  lot  to 
secure  an  even  set  and  the  best  results  under  the  trowel.  When 
darbying  off  fresh  material  to  make  it  even  and  level,  care  should 
be  taken  to  avoid  tearing  open  the  surface.  The  trowel  should 
be  applied  when  some  setting  is  noticed  under  the  pressure  of 
the  thumb.  The  surface  should  then  be  brought  to  an  absolutely 
even  surface,  the  trowel  being  kept  as  flat  as  possible,  so  that 
under  the  final  troweling  later,  when  the  floor  is  harder,  every 
particle  of  the  floor  surface  will  be  touched  by  the  trowel.  The 
second,  and  usually  the  final  troweling,  should  be  given  when, 
tapped  with  the  trowel,  the  floor  surface  gives  a  slight  ring.  If 
troweled  when  too  soft,  the  surface  may  not  be  perfectly  sealed 
and  there  is  danger  of  efflorescence,  or  bloom ;  if  when  too  hard, 
uneven  coloring  may  result.  Generally  speaking,  however,  the 
harder  the  surface  under  the  final  troweling  the  more  compact 
and  smooth  the  surface  of  the  floor.  Final  troweling  should  be 
in  one  direction  only.  The  finish  has  been  a  subject  of  much 
study  and  experiment.  Owing  to  the  uneven  results  of  inexpert 
troweling  various  auxiliary  methods  have  been  tried  to  secure  an 
even,  uniform  surface.  Resort  has  been  had  to  the  scraping 
and  tooling  customary  with  hardwood  floors.  This  has  given 
an  even,  fine-looking  floor  at  the  time  of  finishing.  Grinding 
and  burnishing  along  lines  followed  in  the  treatment  of  ter- 
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razzo  have  fully  attained  the  immediate  end  sought.  In  both  . 
the  above  practices  the  door  is  afterwards  gone  over  with  :t 
trowel  and  an  effort  made  to  close  and  seal  the  surface.  These 
processes,  unfortunately,  remove  the  “fat,’  or  fine  material 
drawn  to  the  surface  under  previous  troweling  and  leave  a  much 
less  perfect  seal  against  the  rising  of  the  salts  from  the  material 
and  discoloring,  and  against  the  absorption  of  moisture  into 
the  material.  Much  the  best  practice  is  to  finish  with  trowel  only. 
The  expert  mechanic  will  deliver  a  surface  that  has  all  of  the 
smoothness  and  evenness  of  the  scraped  or  burnished  finish. 
Burnishing  and  scraping  are  destructive  makeshift  methods  used 
to  take  the  place  of  expert  troweling. 

Protecting :  The  flooring  will  usually  take  its  initial  set  in 
from  four  to  six  hours.  Travel  should  be  kept  from  it  for  72 
hours,  though  it  will  stand  careful  walking  after  36  hours. 
Where  other  construction  must  go  forward  over  new  work,  as 
is  sometimes  the  case  in  new  buildings,  the  composition  flooring 
should  be  protected  with  sawdust,  fine  shavings  or  building 
paper.  The  best  coating  is  one-half  inch  of  sawdust  or  fine 
shavings.  Wherever  possible  this  flooring  should  be  the  last 
material  installed. 

After  Care :  Composition  flooring  as  regards  the  wisdom 
of  after  care  is  like  wood  flooring.  It  may  be  left  permanently 
untouched  by  any  dressing  and  the  result  is  a  durable  wearing 
surface.  This  is  prevailing  practice.  If,  however,  at  intervals 
of  a  few  months,  it  is  gone  over  with  an  inexpensive  mixture  of 
oil  and  wax  that  can  be  secured  from  any  flooring  manufacturer, 
its  beauty  is  greatly  enhanced  and  its  life  prolonged.  Four 
parts  linseed  oil  to  one  part  kerosene  makes  a  fair  dressing. 

Its  Future — Improvement  in  the  Product :  Under  the  same 
experience,  mixed  failures  and  successes,  that  has  yielded  suc¬ 
cessful  achievement  with  other  chemical  processes,  composition 
flooring  has  come  forth  a  safe  product  with  a  broad  field  of 
usefulness.  If  certain  lines  of  procedure  are  followed  in  pre¬ 
paring  the  material  and  laying  the  floor,  the  resulting  product 
will  be  a  success,  and  these  lines  of  procedure  are  definitely 
known  to  the  best  manufacturers.  There  are  no  failures  except 
from  definitely  known  bungles,  just  as  there  are  no  failures  in 
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concrete  except  for  definitely  known  reasons.  Jt  is  a  safe,  useful 
material.  It  is  not  perfect,  however.  Some  special  lines  along 
which  this  improvement  will  probably  reveal  itself  in  the  imme- 
diate  future  are: 

Making  the  Product  More  Impervious  to  Moisture,  Acids 
and  Alkalis:  Its  present  coefficient  of  absorption  for  48  hours 
is  between  one  and  two  percent,  low  enough  to  matter  little  for 
most  purposes.  Yet  it  would  be  better  were  it  lower.  There  is 
every  prospect  that  it  will  be.  In  fact  it  can  be  rendered  prac¬ 
tically  nil  now.  This,  however,  is  at  the  expense  of  resilience 
and  quietness. 

Incorporating  in  Each  Floor  the  Physical  Characteristics 
Most  to  he  Desired :  The  manufacturer  is  perfectly  able  today 
to  grade  his  floor  on  such  a  basis  as  the  following: 

A  warm  elastic  floor, 

A  warm  firm  floor, 

A  medium  warm,  medium  firm  floor, 

A  medium  warm,  firm  floor, 

A  hard  stonelike  floor. 

In  Germany,  where  practice  is  most  advanced  in  this  field, 
the  architect  and  manufacturer  take  advantage  of  this  knowl¬ 
edge,  and  in  many  instances  provide  the  special  grade  that  will 
best  meet  conditions.  In  this  country  the  manufacturer  to  some 
extent  adjusts  his  mixture  to  his  job,  but  only  occasionally. 
With  the  rapid  increase  in  the  use  and  knowledge  of  the  ma¬ 
terial  that  is  now  going  forward  it  is  probable  that  the  architect, 
owner  and  manufacturer  will  join  more  effectively  in  selecting 
the  type  of  floor  to  be  installed. 

Further  Beautifying  of  Material  and  Finish :  The  fading 
of  the  greens  and  blues  will  doubtless  be  corrected  through  still 
richer  and  more  permanent  colors.  The  marked  color  advance, 
however,  will  probably  be  in  the  very  general  use  of  many  com¬ 
pound  and  conglomerate  color  effects  such  as  appear  in  marble, 
scagliola,  and  certain  polished  conglomerate  stones.  The  new 
work  has  already  to  a  very  limited  extent  been  put  on  the  market 
both  here  and  in  Germany.  So  beautiful,  soft  and  rich  are 
some  of  these  combinations  that  they  will  certainly  be  in  demand 
in  a  few  years. 


HOOKER - COMPOSITION  FLOORING 


331 


Occasionally  in  the  lobby  of  a  hotel  or  theater  w»*  find  the 
material  in  effective  combination  with  marble,  mosaic  and  other 
tile.  It  will  probably  be  used  in  the  future  much  more  exten¬ 
sively  for  combinations  of  this  character  where  beauty,  warmth 
and  quietness  are  sought  irrespective  of  price. 

But  little  change  is  to  be  looked  for  in  the  surface  finish 
where  expert  trowel  work  has  been  done,  just  as  but  little  im¬ 
provement  is  probable  in  the  surface  attained  by  the  best  trowel 
mechanics.  The  best  surface  will  doubtless  be  more  generally 
maintained  with  a  complete  abandonment  of  scraping,  burnish 
ing  and  other  abrasive  work. 

There  will  be  a  radical  change  in  after  care  practice.  Own¬ 
ers  are  even  now  beginning  to  give  their  composition  floors  the 
same  care  that  is  given  to  wood  floors.  The  instances  are  spor¬ 
adic,  to  be  sure,  but  the  number  of  the  wise  is  daily  increasing. 
With  the  invasion  of  the  field  now  chiefly  held  by  the  high-grade 
hardwood  floors  where  original  cost  and  maintenance  are  of 
minor  account  and  appearance  is  the  major  end  sought,  a  great 
stimulus  will  be  given  to  after  care,  and  through  occasional 
dressing  the  material  will  be  kept  more  beautiful,  more  sanitary 
and  more  durable. 

Extension  in  Use :  In  practically  every  type  of  building 
where  composition  flooring  is  being  used  at  all  the  areas  installed 
during  1912  will  more  than  double  those  of  the  year  preceding. 
The  same  is  true  of  1911  as  contrasted  with  1910.  We  are  re¬ 
peating  in  this  country  what  has  already  taken  place  in  Ger¬ 
many,  where  over  150  manufacturers  are  engaged  in  the  trade 
and  where  government  specifications  for  public  buildings  regu¬ 
larly  provide  for  the  use  of  the  material.  Any  issue  of  the 
Bau-Materialen  Markt,  a  building  trades  journal,  will  contain 
the  tabulation  of  bids  on  several  government  jobs.  The  amount 
of  poor  work  due  mainly  to  neophytes  in  the  business,  is  con 
stantly  growing  less.  The  material  on  its  merit  is  receiving 
more  and  more  recognition.  There  is  every  prospect  that  it  will 
not  merely  hold  its  own,  but  make  rapid  progress  forward  in 
the  fields  of  usefulness  wherein  it  has  already  secured  foothold. 

During  the  past  two  years  the  material  has  been  given  much 
more  extended  trial  under  heavy  factory  wear  where  port  land 
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cement,  concrete  and  other  brittle  materials  abrade  rapidly.  It 
has  proven  much  tougher  and  much  more  durable  where  hand 
trucking,  the  calks  of  horses'  shoes  and  other  frictional  causes 
produce  disintegration.  There  is  every  likelihood  that  this  field 
will  be  extensively  invaded.  For  many  factory  conditions  no 
other  material  presents  so  desirable  a  combination  of  physical 
characteristics. 

Manufacturers  have  already  asked  themselves:  “Why  can 
we  not  handle  all  of  the  chemical  reactions  at  our  plants  and 
deliver  a  tile  that  can  be  laid  by  any  one  on  the  job?”  This  is 
being  successfully  done  on  a  fairly  large  scale  in  Germany,  to 
some  extent  in  France  and  a  beginning  has  been  made  in  this 
country.  T  believe  that  in  a  few  years  tile  of  many  colors  and 
designs,  manufactured  of  this  material,  will  be  in  general  use 
here.  The  reason  lies  in  the  fact  that  such  a  tile  combines  most 
of  the  virtues  of  ceramic  and  encaustic  tile  with  a  toughness, 
resilience,  and  warmth  that  the  latter  can  never  approach.  As 
tiling  it  must,  of  course,  lose  in  some  degree  the  high  sanitary 
features  it  possesses  when  laid  as  a  monolithic,  jointless  covering. 
On  the  other  hand  it  will  become  commercially  available  for 
many  places  where  the  solid  material  can  not  be  readily  used. 
As  tiling  also  it  will  lend  itself  readily  to  color  combinations 
and  designs. 

A  few  years  ago  the  observant  Germans  noted  that  the 
tough,  warm,  quiet  under-coat  of  the  two-coat  composition  floor¬ 
ing  would  make  an  excellent  base  for  parquetry  flooring.  Tt 
was  fireproof,  and  nails,  screws  and  cementing  material  could  be 
used  in  applying  the  parquetry  flooring.  He  tried  it  out,  and 
in  his  country  it  is  now  standard  practice  to  specify  “Parkett- 
Estrich.”  T  recall  walking  over  the  parquetry  floors  of  a  large 
department  store  in  Leipzig  some  months  ago  and  noting  the 
quietness,  springiness  and  absence  of  creaking.  It  is  not  im¬ 
probable  that  we  also  will  take  similar  advantage  of  this  ma¬ 
terial. 

Linoleum  as  usually  installed  does  not  wear  out  from  above, 
exeept  when  frequently  washed  with  a  strong  lye.  It  gives  out 
through  the  rotting  of  the  web  or  matrix  on  the  bottom.  The 
oxidized  oil  and  fine  cork  which  constitutes  the  wearing  surface 
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is  deposited  on  one  side  only  of  this  matrix.  After  the  linoleum 
is  laid  the  moisture  and  foreign  substances  which  accumulate  in 
some  measure  beneath  it,  together  with  the  air,  cause  a  gradual 
destruction  of  this  fibrous  base.  In  the  case  of  cement  concrete 
the  abrasive  action  of  the  concrete  surface  is  also  destructive. 
Where  the  linoleum  is  laid  over  “cork-estrich,  ”  a  composition 
flooring  base,  and  cemented  to  it,  the  life  of  the  matrix  is  in 
definitely  prolonged  and  the  linoleum  may  be  expected  to  last 
until  worn  through  from  above.  At  the  same  time  a  warmer 
and  more  comfortable  floor  is  secured.  The  best  German  prac¬ 
tice  provides  for  a  “cork-estrich”  base.  We  will  doubtless  adopt 
the  same  procedure.  This  is  indicated  by  the  fact  that  during 
the  current  year  certain  American  architects  decided  that  only 
under  German  methods  could  the  best  results  be  secured  with 
linoleum  and  German  labor  was  employed  to  make  some  im¬ 
portant  installations  for  them. 

Conclusion :  Composition  flooring  is  the  issue  of  scientific 
effort  to  incorporate  in  a  flooring  the  physical  characteristics 
most  to  be  desired  for  any  given  conidtions.  Tt  is  already  a  val¬ 
uable  material.  Like  steel,  concrete  and  artificial  slate  for  many 
purposes  it  is  of  greater  value  than  any  of  its  ingredients.  ITow 
rapid  its  extension  in  use  and  what  integral  improvements  the 
future  has  in  store  depends  upon  many  factors.  Practically 
every  one  who  has  given  it  careful  study  is  convinced  that  it 
will  soon  be  generally  recognized  and  extensively  used  as  one  of 
the  valuable,  standard  building  assets  of  this  country  and  the 
world. 


APPENDIX 


Note  1.  The  United  States  Bureau  of  Standards  submitted  undet 
date  of  November  12,  1912  the  following  data  on  the  properties  of 
various  building  materials. 


1. 

2. 


PROPERTIES  OF  VARIOUS  BUILDING  MATERIALS 


Floor  Tile,  Vitrified  Face 
and  Pavinsr  Brick 

Weight  per  cubic  foot, 

about  . 150  pounds 

Crushing  strength, 

pounds  per  square  inch .  6  000  to  20  000 


Portland  Cement 
Concrete 

145  to  155  pounds. 
1000  to  4500  (max. 
density  1 :6) 

800  to  2500  (max. 
density  1 :9) 
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Floor  Tile,  Vitrified  Face 
and  Paving:  Brick 


3.  Modulus  of  rupture. . .  .  700 


4. 

5. 

6. 


•V 
/  . 


9. 

10. 

11. 


Modulus  of  elasticity.. 

Plasticity  . 

Resilience  . 

Coefficient  of  expansion 


Abrasion.  Loss  in  weight 
of  10  standard  size  pav¬ 
ing  bricks,  in  standard  N. 
P.  B.  M.  A.  rattler, 
should  not  be  more  than . 
Deterioration  with  age.. 
Coefficient  of  friction .  . . 
Fireproof  quality  . 


Given  as  14  500  000 
None 

Not  determined. 
0.0000031  to 
0.0000041  per  de¬ 
gree  Fahr. 


22  percent 
Imperceptible. 
Not  determined. 
Not  destroyed  by 
fire. 


12.  Waterproof  ness  . Impermeable  to 

water. 

13  & 14.  Effect  of  strong  and 

weak  acids  . None 

15  &  16.  Effect  of  strong  and 

weak  alkalies  ^ . None  at  atmospher¬ 

ic  temperatures. 


Portland  Cement 
Concrete 

1050  to  1600  (1  to  3 
mortars). 

1  500  00  to  3  000  000. 
None. 

Not  determined. 
0.0000055  per  unit 
length  per  degree 
Fahr. 


Not  determined. 

I  mproves. 

Not  determined. 

Very  satisfactory 
fireproofing  mater¬ 
ial  for  steel  skele¬ 
ton  buildings. 

Can  be  made  abso¬ 
lutely  water  tight  by 
proper  proportion¬ 
ing. 

Dissolves. 

True  alkali  disinte¬ 
grate.  So-called 
“alkali’’  of  arid  reg¬ 
ions  no  effect. 


17.  Thermal  conductivity ...  About  0.0040  gram  Good. 

cals,  per  sq.  cm., 
through  one  cm. 

■f  per  second  for  1* 

Cent,  difference. 

18.  Electrical  resistance  ...For  vitrified  cera-  Dry,  good;  moist, 

mic  products  about  poorer. 

15  000  volts  per 
mm.  or  about 
100  000  volts  in  a 
moist  atmosphere 
for  full  size  insu¬ 
lator. 


19.  Absorption  . '. . Nil  Low  for  dense  mix. 

20.  Quietness  . No  determination.  Not  determined. 

Not  quiet  as  com¬ 
pared  with  textile 
or  similar  materials. 
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In  his  letter  of  transmission  Mr.  P.  H.  Bates  for  the  Director  in¬ 
dicates  the  incompleteness  of  available  data  as  follows : 

“I  am  enclosing  some  information  which  you  desired  in  regard 
to  portland  cement,  floor  tile,  face  and  paving  brick.  I  am  unable 
to  give  you  any  information  in  regard  to  marble  and  limestone  as  we 
are  interested  in  these  only  in  their  application  in  the  manufacture  of 
Portland  cement  and  lime.  What  work  we  have  done  upon  them  as  a 
building  material  is  too  insufficient  to  generalize  upon.  I  cannot  give 
you  any  information  in  regard  to  rubber  tile  or  cork  tile.  This  is 
not  in  our  line.  For  information  in  regard  to  maple,  oak  and  other 
woods,  I  would  refer  you  to  the  Bureau  of  Forestry,  Department  of 
Agriculture,  Washington,  D.  C.  We  are  unable  to  give  you  some  of 
the  data  which  you  request.  I  do  not  know  of  its  ever  having  been 
determined.” 

Some  authorities  consulted  are: 


Publication 

Author  Date  published 

Resistance  of  Materials 

DeYolson  Wood 

1897 

Manual  of  Civil  Engineering 

Wm.  J.  Rankine 

1011 

Rules  and  Tables 

Wm.  J.  Rankine 

1907 

Strength  of  Materials 

Thomas  Box 

1893 

lleat 

Thomas  Box 

1900 

Handbook  of  Testing 

C.  A.  M.  Smith 

1011 

Materials  of  Engineering 

Robert  H.  Thurston 

1  <893 

'The  Testing  of  Materials  of  Construction 

Wm.  C.  Nuvin 

1910 

Strength  of  Materials 

Mansfield  Merriman 

1905 

Strength  of  Materials 

J.  A.  Ewing 

1899 

Notes  on  the  Compressive  Resistance 
of  Freestone,  Brick  Piers,  Hydraulic 

Cements,  Mortars  and  Concretes 

().  A.  Gillmore 

l  S88 

Elasticity  and  Resistance  of 

Materials  of  Engineering 

Wm.  H.  Burr 

1903 

Smithsonian  Physical  Tables,  Trans- 
ad  ions  of  the  American  Society 

for  Testing  Materials 

Mechanical  Engineer’s  Pocket  Book 

William  Kent 

To  Date 
1910 

Civil  Engineer’s  Pocket  Book 

J.  C.  Trautwine 

1908 

Bulletin  No.  10 

N.  G.  Museum 

Note  2:  The  Journal  of  the  Franklin  Institute  for  October  18: to 
gives  the  following  table  of  resistance  of  stones  to  abrason  : 


Statuary  Marble  . 100 

Stock  Brick  .  34 

Roman  Cement  Stone .  09 

Old  Portland  Cement  Stone . 70 

Yorkshire  Paving  . 327 

Aberdeen  Granite  . 980 
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Note  3:  Box  in  his  treatise  on  Heat  pages  203-211  gives  the 
following  values  to  R.  and  C. 

R.  Units  of  heat  emitted  or  absorbed  per  square  foot  hour  for 
a  difference  of  temperature  of  1°  Fahr. 

From  the  experiments  of  Peclet. 

C.  Units  of  heat  transmitted  per  square  foot  per  hour  by  a 
plate  1"  thick,  the  two  surfaces  differing  in  temperature  1°  Fahr. 

Also  from  the  experiments  of  Peclet. 


R 

Baked  Clay.  Brick  work . 0.7358 

Building  Stone  . 0.7358 

Cork . 

Class  . 0.5948 

Cutta  Percha  &  India  Rubber . 

Marble  . 0.5948 

Oak  perpendicular  to  fiber . 0.7358 

Paper  . 0.7706 

Stone,  Calcareous  . 0.5948 

Water  . 1.0853 


C. 

4.83 
3.86 
1.15 
6.6  ' 

.1.38  to  1.40 
22.4  to  28 
1.70 


Note  4 :  The  basis  for  the  appraisal  of  materials  as  to  their  fire¬ 
proofing  characteristic  is  found  in  the  standard  tests  for  floors  of 
partitions  adapted  by  the  American  Society  for  Testing  Materials.  It 
is  assumed  that  the  composition  flooring  taking  the  place  of  Vz  in.  of 
surface  above  a  standard  suitable  foundation  otherwise  in  accord  with 
the  test  requirements.  The  pertinent  parts  of  the  test  specifications 
are  as  follows: 

Standard  test  for  Fireproof  Floors  adopted  by  the  American  So¬ 
ciety  for  Testing  Materials,  August  15,  1908.  (See  page  153,  1911 
Year  Book  of  the  Society.) 

“The  construction  to  be  tested  should  be  designed  for  a  working 
load  of  150  lb.,  per  sq.  ft.  and  no  more.  This  load  is  to  be  uniformly 
distributed  without  arching  effect  and  is  to  be  carried  on  the  floor 
showing  the  fire  test  ******.  The  floor  shall  be  subjected  for  four 
hours  to  the  continuous  heat  of  a  fire  of  an  average  temperature  of 
not  less  than  1700  deg.  Fahr. 

At  the  end  of  this  heat  test  a  stream  of  water  shall  be  directed 
against  the  underside  of  the  floor  from  a  iVs  in.  nozzle  under  60  lb. 
nozzle  pressure  for  10  minutes,  the  nozzle  being  held  not  more  than 
three  feet  from  the  firing  door  showing  the  application  of  the  water.. 
After  the  floor  has  sufficiently  cooled  the  load  on  the  same  shall  be 
increased  to  600  lb.  per  sq.  ft.  uniformly  distributed.  The  test  shall 
not  be  regarded  as  successful  unless  the  following  conditions  are  met: 
No  fire  or  smoke  shall  pass  through  the  floor  during  the  fire  test ;  the 
floor  must  safely  sustain  the  loads  prescribed;  the  permanent  deflection  - 
must  not  exceed  Vs  in.  for  each  foot  of  span  of  either  slab  or  beams.” 
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Standard  Test  for  Fireproof  Partition  Construction:  Adopted  by 
American  Society  for  Testing  Materials  August  16,  1909,  see  page  15-1, 
1911.  Year  Book  of  the  Society. 

Heat  test:  Two  hours  continuous  heat  of  a  lire  rising  to  1700  deg. 
Fahr.  by  end  of  first  half  hour  and  maintained  above  an  average  tem¬ 
perature  of  1700  deg.  during  remainder  of  test.  *  *  •  •  •  At  end  of 
heat  test  stream  of  water  under  50  lb.  nozzle  pressure  for  2V&  minutes 
within  two  feet  of  firing  door.  Test  shall  not  be  regarded  as  suc¬ 
cessful  unless  the  following  conditions  are  met: 

No  fire  or  smoke  shall  pass  through  the  partition  showing  the 
fire  test,  the  partition  must  safely  sustain  the  pressure  of  the  hose 
stream;  the  partition  must  not  warp  or  bulge  or  disintegrate  under 
the  action  of  fire,  or  water,  to  such  an  extent  as  to  be  unsafe. 


Note  5 :  Coefficient 

of  Elasticitv  as  given 

by  DeVolson  W ooi 

his  treatise  on  the  Resistance  of  Materials : 

Material 

Coef.  of  Elasticity 

.1  at  Ito  rit  y 

Wrought  Iron 

22  000  000  to  28  000  999 

Magnesium  Limestone 

Same  as  Wrought  Iron 

Fads 

White  Italian  Marble 

25  230  000 

Thompson 

Oaks,  English 

1  451  200 

Barlow 

Pine,  American  Yellow 

1  600  000 

Tredgold 

Note  6:  The  crushing  strength  of  several 

materia 

Is  aecordin 

authorities  cited  by  DeVolson  Wood  and  Box 

is  as  fo 

Hows : 

Wood 

liox 

Material 

Lb.  per  sq.  in. 

Lb.  per 

sq.  in.  Me, 

Granite 

10  000  to  12  000 

7271  to 

14875 

Sandstone 

5142  to  6600 

2100  to 

6000 

Limestone 

7000  to  18  000 

771 

•  1 
,) 

Brick  Masonry 

500  to  8(H) 

52 

1 

Mortar 

120  to  249 

480 

Oak 

Pine 


4200  to  95,  0 
5575  to  5445 


51  (Hi  to  827! 
5410  to  (>790 


Note  7:  Box  on  Heat  gives  the  expansion  of 
one  degree  Fahr.  being  the  mean  expansion  per  deg 
and  212  deg.,  the  volume  at  32  deg.  being  unity 


bodies  by  heat  for 
ree  between  52  deg. 


Expansion  for  1°  Fahr. 

For  Length 


For  Volumes 


Marble  (black)  . 

Brick  . 

ltankine  gives  the  following  expansion 


.  .  .0.000902407 
.  .  .0.000005057 
figures  for  rise 


0  00  007420 
0.0000091 70 
of  temperature 
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from  32  deg.  Fahr.  to  212  deg.  Fahr. 
Mr.  Actie.) 

Brick,  Common  . 

Cement  . 

Granite  . 

Marble  . 

Slate  . 


(According  to  experiments  by 

. 0.00355 

. 0.0014 

. 0.0008  to  0.0009 

. 0.00065  to  0.0011 

. 0.00104 


Timber  according  to  Dr.  Goule. 


Deal  . 0.000461  to  0.000566 

Bay  Wood  . 0.000428  to  0.000438 


Note  8:  Raiikine  gives  weight  of  materials  as  follows: 

Pounds  per  cu.  ft. 


Granite  . 164  to  172 

Limestone  &  Marble  . 169  to  175 

Masonry  . 116  to  144  . 

Mortar  . 109 

Slate . 175  to  181 

Maple  . 49 


REFRACTORIES  FOR  THE  MODERN 

BOILER  PLANT 


By  Kenneth  Seaver* 


There  are  possibly  few  subjects  which  would  at  first  sight 
appear  more  prosaic  than  that  of  fire  brick  and  allied  refrac¬ 
tories.  And  when  we  are  considering  them,  solely  as  used  in 
the  common,  everyday  boiler  setting,  whatever  of  the  picturesque 
the  subject  might  have  had  under  other  conditions,  is  imme¬ 
diately  lost  as  there  comes  to  us  the  mental  picture  of  the  old 
time,  leaky  boiler  in  the  darkest  corner  of  the  plant,  with  its 
nearby  pile  of  slack,  and  an  ever  weary  fireman,  raising  a  mini¬ 
mum  of  steam  with  a  maximum  of  fuel. 

The  true  picture  of  the  modern  high  pressure  power  plant  is 
a  far  different  one.  In  the  present  day  industrial  world  there 
are  few  examples  of  greater  development  in  efficiency  than  in 
the  power  plant;  it  is  the  backbone,  as  it  were,  of  the  entire 
producing  organization,  and  the  part  played  by  fire  brick  in 
making  such  development  possible  is  an  important  one. 

If  this  statement  is  doubted,  one  has  but  to  visit  any  large 
power  station  where  the  boilers  are  often  loaded  50  to  150  per¬ 
cent  over  rated  capacity,  and  witness  the  results  where  the  at¬ 
tempt  is  being  made  to  use  a  fire  brick  lacking  in  refractoriness, 
or  where  the  settings  are  so  designed,  or  the  practice  is  such 
that  no  material  will  give  a  satisfactory  life.  One  after  another 
the  arches  fall  or  the  walls  give  way,  the  boilers  must  he  shut 
down,  and  naturally  at  the  time  they  are  most  needed,  as  it  is 
Ihen  that  the  boilers  are  being  forced  for  every  pound  of  steam 
that  is  in  them. 

There  is,  with  every  engineer,  the  vivid  realization  that,  to 
keep  the  needle  on  the  dial  there  is  constantly  needed  coal  and 

Presented  before  the  Mechanical  Section  June  3,  and  published  in  tin* 
July,  1913,  Proceedings. 

*Chief  Engineer.  Harbison- Walker  Refractories  Company,  Pittsburgh 
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then  more  coal,  but  he  sometimes  fails  to  realize  that  he  is  burn¬ 
ing  brick  as  well,  and  it  behooves  him  to  know  what  sort  of 
brick.  On  the  most  careful  analysis  the  coal  is  bought,  there 
are  rigid  specifications  for  every  fitting,  exhaustive  tests  for 
every  accessory,  yet  the  selection  of  the  brick  for  settings  is 
often  but  a  matter  of  chance  and  is  left  to  the  selection  of  one, 
the  consideration  of  whose  personal  gain  may  outweigh  the 
question  of  ultimate  economy  to  the  power  user.  Any  boiler 
accessory  requiring  renewal  every  three  months,  six  months,  or 
a  year,  and  costing  half  the  amount  expended  for  the  renewal 
of  firebox  arches,  for  instance,  would  have  had  long  ago  the  per¬ 
sonal  attention  of  the  one  responsible  for  its  operation,  and  rigid 
tests  would  have  shown  whether  its  purchase  was  a  true  economy 
or  not.  The  cost  of  a  boiler  down,  means  vastly  more  than 
merely  the  cost  of  geting  it  on  the  line  again. 

Conditions  Encountered :  3Ae  will  consider  briefly  the  con¬ 
ditions  to  be  met  by  fire  brick  in  actual  service.  Their  use  is, 
of  course,  in  lining  the  side  walls  of  the  firebox,  in  constructing 
the  fire  box  arch,  and  coking  arch,  where  such  is  in  use,  and  in 
the  various  forms  of  baffle  tile,  to  direct  and  deflect  the  flames 
and  heated  gases. 

In  the  side  walls,  the  brick  are  subjected  to  not  only  the 
heat  of  the  coal  bed,  but  particularly  to  the  action  of  the  clinker, 
its  tendency  to  fuse  and  flux  the  brick  work  and  the  very  se¬ 
vere  abrasion  of  the  poker  and  slice  bar  as  the  clinker 
is  removed.  The  severity  of  this  action  is  dependent  on  the 
coal,  the  analysis  of  its  ash,  the  method  of  firing,  draft  and 
numerous  other  details  in  connection  with  its  operation. 

The  arch,  however,  is  subjected  to  rather  different  and  even 
more  severe  conditions.  Under  the  arch,  combustion  is  nearly 
if  not  wholly  complete,  and  the  temperature  will  be  correspond- 
insrlv  higher.  Its  under  side  is  furthermore  continually  in  the 
current  of  a  stream  of  incandescent  gases  at  high  velocity,  and 
laden  with  particles  of  fuel  and  ash.  Often  insufficient  oppor¬ 
tunity  is  afforded  for  radiation  and  the  brick  are  subjected  to 
such  a  temperature  as  makes  their  life  at  best  a  short  one.  By 
no  means  last  in  importance,  however,  is  the  influence  of  rapid 
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changes  in  temperature  conditions  affecting  both  t lie  side  walls 
and  arches,  but  the  latter  especially.  This  may  be  brought 
about  by  opening  the  firebox  doors  in  firing  or  cleaning  fires, 
thus  allowing  cold  air  to  strike  the  incandescent  walls  and  arch; 
by  opening  wide  the  ash  doors  when  cleaning  clinker  from  the 
grates  in  many  forms  of  stokers;  or  from  any  procedure  which 
suddenly  chills  or  raises  the  temperature,  even  if  but  locally. 
This  will  be  referred  to  further. 

What  materials  do  we  have,  and  how  do  we  treat  them  to 
meet  such  conditions?  In  considering  the  materials  available 
for  this  work  we  have  taken  fire  clay  brick,  silica  brick  and 
bauxite  brick  as  the  only  ones  which,  at  present,  give  promise 
of  being  successful  on  any  large  scale.  Both  magnesia  and 
chrome  brick  spawl  far  too  readily  if  subjected  to  a  draft  of 
cold  air.  Because  of  the  fact  that  the  one  is  highly  basic  and 
the  other  neutral  their  use  has  been  tried  along  the  clinker  line 
to  overcome  the  trouble  due  to  the  adherence  of  this  slag,  and 
while  entirely  satisfactory  on  this  score,  they  have  been  found 
unsuited  for  the  reason  indicated. 

Fire  day  Brick :  All  fire  clay  brick  are  essentially  silicates 
of  alumina  and  expressed  in  the  lowest  terms,  are  composed  of 
the  two  varieties  of  clay,  namely,  the  hard,  flint  or  block  clay, 
as  it  is  often  termed,  which  forms  the  real  body  of  the  heat- 
resisting  material,  and  the  soft  or  plastic  clay,  acting  as  the 
bond  to  give  physical  strength  to  the  brick.  As  conditions  may 
warrant  a  larger  or  smaller  portion  of  the  hard  clay  may  be 
calcined  previous  to  its  manufacture  into  brick.  Upon  the 
character  of  these  clays,  the  fineness  to  which  they  are  ground, 
and  the  degree  of  burn  given  them,  depend  the  character  of  the 
brick.  In  general  a  fine  ground,  hard  burned  brick  giving  su¬ 
perior  results  in  the  side  walls  and  a  more  porous,  open,  and 
if  we  may  so  term  it,  “ elastic’ ’  brick  doing  better  in  the  arches. 

Silica  brick  are  made  from  crushed  ganister  rock,  with 
two  percent  of  lime  added,  in  the  form  of  milk  of  lime,  while 
the  stone  is  being  ground  in  the  wet  pan.  Analysis  of  the 
burned  brick  will  show  an  average  of  1.75  percent  in  lime.  A 
typical  analysis  is  given  in  Table  No.  1. 
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APPROXIMATE  ANALYSIS  OF  SILICA  BRICK. 


Si0o  .. 
Alo0„  . 
Fe20  . 
Cal)  ' . . 
Mg  ... 
K20  ) 

Na20  j 


96.25% 

0.85% 

0.82% 

1.80% 

0.15% 

0.40% 


Table  No.  1. 


100.27% 


Bauxite  brick,  as  the  name  indicates,  are  made  from  baux¬ 
ite  ore,  a  hydrous  oxide  of  alumina  containing  about  30  percent 
of  water,  practically  all  of  which  is  water  of  crystallization.  A 
fairly  representative  analysis  is  given  in  Table  No.  2.  It  is 
mined  in  this  country,  in  Georgia,  Arkansas,  Alabama  and  Ten¬ 
nessee,  Arkansas  being  by  far  the  largest  producer.  Large 
quantities  are  also  imported  from  France.  It  is  hardly  neces¬ 
sary  to  say  that  the  bulk  of  these  various  ores  is  consumed  in 
the  production  of  metallic  aluminum,  of  the  various  alum  salts 
and  of  abrasives.  Bauxite  is  exceedingly  variable  in  its  com¬ 
position,  and  great  care  is  necessary  in  the  selection  of  the  raw 
ore  for  the  manufacture  of  refractories  and  the  maintenance 

of  their  uniformitv. 

«/ 


BAUXITE  ORE. 


Fe90o .  3.0  to  6.00% 

A1o03 . 55  to  60  % 

Si09., .  4.0  to  7.00% 

Fi02 .  2.0  to  2.75% 

H.,0  (Water  of  Crystal) .  30.00% 

Moisture .  1.50%  ‘ 


Table  No.  2. 

The  ore  must  be  thoroughly  calcined  at  high  temperature  +o 
thoroughly  remove  the  water  of  crystallization  and  so  reduce 
the  shrinkage ;  suitable  bonding  clays  are  then  added  and  the 
brick  are  burned  at  the  highest  temperatures  of  the  kilns. 

The  original  troubles  in  the  use  of  bauxite  brick  were  in 
a  great  measure  due,  not  only  to  deficiencies  in  the  bonding 
material,  but  to  insufficient  calcination  of  the  raw  stock,  and 
the  attempt  to  burn  at  too  low  temperatures.  A  high-grade 
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bauxite  brick  should  run  as  high  as,  say,  56  percent  in  alumina, 
a  fairly  representative  analysis  being  given  in  Table  No.  3.  It 
can,  however,  be  manufactured  with  a  still  higher  content  of 
alumina  where  conditions  warrant.  The  term  bauxite  as  applied 
to  brick  is,  however,  used  so  loosely,  that  little  meaning  is  con¬ 
veyed  unless  at  least  the  approximate  analysis  is  known,  many 
of  these  brick  will  show  on  a  determination  only  from  43  to  51 
percent  in  alumina.  If  properly  made,  the  brick  is  physically 
strong  and  tough,  but  with  somewhat  of  a  tendency  to  spawl  in 
arches  if  suddenly  cooled  or  heated. 

BAUXITE  BRICK. 

. 38.38% 

. ‘ . 56.77% 

.  2.95% 

.  0.00 

.  1.09% 

. ' .  0.88% 

Table  No.  3. 

A  very  common  remark  made  to  every  manufacturer  of  fire 
brick,  is  that  his  product  is  not  what  it  used  to  be,  neither  as 
refractory,  nor  as  well  made,  nor  as  uniform.  He  is  also 
told  that  in  the  old  boilers  the  arches  lasted  a  year  or  perhaps 
two  years,  and  that  now  six  or  eight  months  is  possibly  the  limit, 
which  is  no  doubt  true.  But  what  is  also  true  is  that  the 
manufacturer  of  refractories  can  refer  to  his  records  of  tests  for 
years  back  and  prove  beyond  any  question  of  doubt  that  his 
brick  are  better  by  analysis  and  heat  test,  run  more  uniform  as 
a  whole  and  are  of  infinitely  better  workmanship  than  five  or 
ten  years  ago.  Where  then  is  the  explanation? 

Compare  for  a  moment  the  boiler  of  today  with  that  of  a 
decade  ago.  Every  detail,  every  appliance  bespeaks  high  press¬ 
ure  duty  with  all  that  goes  with  it.  We  get  vastly  higher  temper¬ 
atures  from  our  slack  today  than  from  the  highest  grade  coals  of 
yesterday. 

To  find  the  ‘boilers  normally  operating  in  central  station 
work  at  100  percent  overload  is  so  common  as  to  occasion  no  re¬ 
mark,  one  plant  that  comes  to  mind  at  the  moment  operates  more 
than  fifty  600  h.  p.  units  averaging  1200  h.  p.  per  unit,  another 


Si02... 
A1203. . 
Feo03. . 
CaO.'.. 
MgO... 
Alkalies 
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with  a  normal  rating  of  2500  h.  p.  per  unit  delivers  about  4700  h. 
p.  Is  it  strange  that  the  same  brick  which  gave  satisfactory  results 
with  the  old  conditions  should  fail  to  give  as  long  a  life  in  the 
new  ?  Too  often  the  development,  which  can  reflect  nothing  but 
credit  upon  the  designer  of  power  plant  equipment  has  been  made 
without  adequate  consideration  of  the  conditions  imposed  upon 
the  refractories  concerned  and  there  has  not  been,  possibly,  suffi¬ 
cient  data  available  to  so  design  the  details  of  the  fire  brick 
lining  of  this  structure  as  to  make  its  upkeep  economical.  There 
are  today  installed  in  dozens  of  plants,  arches  practically  iden¬ 
tical  in  design  with  those  of  the  old  hand  fired  low  pressure 
boiler  which  are  now  operated  with  forced  or  induced  draft, 
mechanically  fired  and  with  a  very  poor  grade  of  fuel.  Every¬ 
thing  has  been  changed  to  meet  new  conditions  but  the  design 
of  the  setting.  Often  the  arch  is  so  constructed  that  by  no  pos¬ 
sibility  can  it  last  over  three  to  four  months,  while  the  contractor 
who  sets  the  boiler  is  called  upon  to  guarantee  the  brick  work 
for  a  year. 


Y  Y 


Fig.  1 


In  the  general  development  of  boilers,  a  development  which 
has  necessitated  ever  increasing  initial  temperatures,  the  general 
trend  has  been  toward  increasing  the  size  of  the  combustion 
chamber  and  the  location  of  the  area  of  complete  combustion 
further  from  the  tubes.  The  increasing  use  of  the  “Dutch 
Oven”  with  its  coking  arch,  and  often  the  combustion  arch,  is 
an  example  in  point;  so  intense  is  the  heat  developed  that  in 
certain  types  it  has  been  found  absolutely  impossible  to  main¬ 
tain  an  arch  and  the  combustion  arch  has  of  necessity  been  dis¬ 
carded  entirely.  We  can  probably  cover  these  matters  to  better 
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advantage  by  illustrating  certain  definite  examples  among  those 
that  have  come  to  our  attention. 

Fig.  1,  as  shown  on  the  screen,  although  but  a  crude  sketch, 
will  show  the  sectional  elevation  of  boiler  arch  and  firebox  where 
very  serious  trouble  was  occurring  in  the  combustion  arch.  The 
brick  would  spawl,  cracking  away  and  dropping  from  the  under 
surface  of  the  arcli  in  chunks,  so  that,  although  the  coking  arch 
was  unaffected,  the  combustion  arch  lasted  but  two  to  three 
weeks.  The  entire  boiler  was  apparently  encased  in  a  steel  shell 
so  that  the  suggestion  that  the  spawling  was  due  in  some  way 
to  admission  of  cold  air,  even  with  all  doors  above  the  fire  box 
level  closed,  was  received  with  much  ridicule. 

The  boiler  was,  however,  shut  down,  and  an  inspection  of 
the  interior  disclosed  the  following:  At  XX  openings  had  been 
provided  so  that  the  induced  draft  from  the  stack  would  draw 
cold  air  from  the  sheet  iron  box  covering  the  coking  arch,  this 
casing  being  provided  with  slots  at  the  side,  thus  the  suspended 
coking  arch  was  cooled.  What  was  entirely  overlooked,  however, 
was  the  fact  that  this  draught  of  cold  air  came  directly  in  con¬ 
tact  with  the  incandescent  surface,  the  under  side  of  the  combus¬ 
tion  arch.  These  openings  were  closed,  thus  keeping  the  cold 
air  from  the  inner  arch,  the  steel  shell  was  removed  from  the 
coking  arch,  thus  allowing  it  to  radiate  away  its  heat  and  today 
the  life  of  the  brick  work  is  entirely  satisfactory  from  every 
point  of  view. 


Fig.  2 
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Fig.  2  shows  an  installation,  the  arch  of  which  gave  much 
trouble  as  originally  installed.  The  diagram  indicates  one  of 
the  familiar  types  of  chain  grate  stokers,  and  this  sectional  ele¬ 
vation  shows  the  arch,  front  wall  and  bridge  wall  of  the  boiler. 
A  portion  of  the  arch  extends  beyond  the  front  wall,  toward  the 
oridge  wall,  this  extension  being  22^  in.  (the  drawing  is  rather 
out  of  scale)  directly  in  the  travel  of  the  flame  and  so  located 
that  it  was,  on  three  sides,  subjected  to  intense  heat,  while 
on  the  fourth  there  was  little  chance  for  radiation.  Furthermore, 
this  arch  was  rather  flat,  having  a  rise  of  but  ll/2  inches  in  9  ft. 
9  in.  span. 


Fig.  3. 


In  the  two  boilers  of  this  installation  the  one  arch  collapsed 
after  two  weeks’  service,  the  other  after  two  days.  An  examin¬ 
ation  showed  what  had  occurred.  The  brick  had  simply  softened 
and  squeezed  out  of  shape,  allowing  the  collapse.  The  cause 
was  simply  the  intense  heat  upon  the  brickwork  without  an  op¬ 
portunity  for  radiation.  This  was  further  emphasized  by  the 
collection  of  ash  and  soot  on  the  upper  surface  of  the  arch  which 
still  further  insulated  it,  and  by  the  pressure  of  the  front  wall. 

The  remedy  for  the  situation  is  shown  as  very  simple,  in 
the  upper  portion  of  this  figure.  A  relieving  arch  is  thrown  over 
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the  inner  end  of  the  combustion  arch  and  the  interior  front  wall 
of  the  boiler  moved  forward  at  that  point  to  correspond.  As 
rebuilt  the  arch  is  giving  excellent  service,  9  to  15  months,  with 
the  same  brick  as  originally  installed. 

Fig.  3  will  illustrate  still  further  a  somewhat  similar  trou¬ 
ble,  the  lower  portion  of  the  sketch  being  the  original  instal¬ 
lation  and  the  upper  portion,  as  revised.  Here  is  shown  the 
type  of  split  arch.  It  has  its  outer  end  not  only  subjected  to 
heat  on  all  sides,  but  the  spaces  between  the  combustion  arch 


Fig.  4. 

and  the  relieving  arches  calked  with  asbestos,  as  is  the  case 
in  several  other  instances,  as  will  be  noted.  In  this  case  not  only 
did  the  inner  combustion  arch  tend  to  soften  and  so  collapse,  but 
it  pulled  forward  from  the  front  wall  and  main  portion  of  the 
arch  and  fell  forwards  into  the  firebox.  In  three  successive  in¬ 
stallations  the  arch  lasted  two  days,  eight  days  and  nine  days 
respectively. 

The  remedy  is  clearly  shown  in  the  upper  portion  of  the 
sketch.  The  split  arch  was  done  away  with,  making  it  a  part  of 
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the  main  arch  and  bonded  with  it,  a  relieving  arch  thrown  in 
directly  over  it  with  all  asbestos  omitted  and  the  front  wall 
moved  forward  to  the  face  of  the  arch.  This  construction  is 
jaow  averaging  six  to  seven  months  per  arch  where  there  occur 
exaggerated  peak  loads  and  nine  to  ten  months  where  the  boilers 
are  operated  at  a  more  uniform  rate.  All  the  above  installations 
are  on  one  brand  of  brick  and  I  might  say  that  this  type  of  con¬ 
struction  has  since  been  adopted  by  these  engineers  as  stand¬ 
ard.  In  Fig.  4  is  illustrated  still  another  case.  As  before  the 
original  construction  is  shown  in  the  lower  portion  of  the  plate 
with  the  relative  position  of  the  boiler  tubes.  This  is  typical  of 
three  separate  plants  in  mind,  one  of  which  gets  about  40  days’ 
life,  another  only  about  13,  while  in  the  third  arches  have  fallen 
in  from  five  to  six  days.  At  all  of  these  plants  they  have  tried 
literally  dozens  of  brands  of  brick  with  little  difference  in 
in  results. 

It  is  here  obviously  impossible  to  move  the  front  wall  for¬ 
ward,  but  the  sketch  will  show  the  change  that  has  made  pos¬ 
sible  a  life  of  three  to  six  months  and  in  some  cases  more.  It 
will  be  seen  here  that  there  is  a  chance  for  some  cooling  of  the 
arch,  which  has  none  but  its  own  dead  weight  to  carry  and  there 
is  no  chance  for  the  collecting  of  ash,  soot,  etc.,  on  its  upper 
surface,  or  if  such  does  collect  it  can  be  easily  removed  by  a  bar 
through  a  slot  in  the  furnace  wall. 


In  Fig.  5  is  shown  one  of  the  typical  suspended  flat  arches. 
The  question  is  sometimes  asked  as  to  the  tendency  to  spawling 
that  is  sometimes  evident.  The  flat  arch,  of  course,  depends 
solely  for  its  support  on  its  suspension  on  metal  of  some  form 
and  often  air  cooled,  the  upper  surface  is  cold,  the  lower  hot.  In 
the  making  of  shapes  of  the  size  of  these  blocks  the  grind  and 


SEAVER — REFRACTORIES  FOR  T1IE  MODERN  BOILER  PLANT  349 

burn  must  of  necessity  be  such  as  will  make  a  very  much  denser 
brick  than  is  the  case  with  the  smaller  standard  sizes  and  a  brick 
that  will  consequently  tend  more  easily  to  spawl  or  separate. 
When  this  occurs,  as  it  may,  for  instance,  almost  in  the  center 
of  the  block,  the  lower  half  drops  out,  while  in  the  sprung  arch 
there  is,  of  course,  still  the  curvature  of  the  arch  to  hold  it  in 
place. 

Another  common  cause  of  trouble  we  find  in  various  kinds 
of  inclined  grate  stoker  arches  is  that  of  spawling  during  clean¬ 
ing  of  the  fires  and  removal  of  clinker.  Doors  are  left  wide  open, 
masses  of  clinker  sometimes  two  or  three  square  feet  in  area 
may  come  away  and  with  the  ash  pit  doors  wide  open  a  blast 
of  air  goes  through  the  grate  unheated  and  strikes  the  hot  brick 
arch.  One  can  hear  the  brick  snap  and  spawl  and  see  the  clinker 
drop  away. 


Fig.  6. 


To  summarize  the  two  main  causes  of  arch  trouble,  we  would 
say  that  they  are  the  inrush  of  cold  air  and  failure  to  provide 
for  sufficient  radiation.  To  refer  to  a  condition  illustrating  this 
lafter  point,  we  have  only  to  call  to  mind  the  familiar  heating 
furnace  in  the  rolling  mill.  The  bridge  wall  without  opportunity 
for  radiation  may  often  have  to  be  rebuilt  every  week  or  two, 
while  the  side  walls  and  roof  of  the  same  furnace  may  last  for 
months. 

To  take  up  a  few  structural  details  of  the  fire  brick  setting 
we  will  refer  to  Fig.  6,  which  will  show  three  methods  of  setting 
the  skew  back  at  A,  B,  and  C.  That  shown  at  A  is  probably  the 
most  common,  but  has  the  defect  that  it  is  very  difficult  to  repair 
the  side  walls  independently  of  the  arch.  One  way  of  avoiding 
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1  his  is  shown  at  B,  where  the  spring  line  is  carried  to  the  back 
wall,  using  13TA  in.  shapes  cut  to  fit  until  the  inner  line  of  the 
fire  box  is  reached.  The  same  method  practically  is  indicated 
at  (7,  but  here  a  channel  is  used  with  special  skews.  It  is  evident 
that  the  inner  wall  can  be  renewed  as  it  is  burned  or  worn  away 
without  disturbing  the  arch. 


^EDBf^ICKO^  SECOND  GJUAliTV 

I  BffiCK 


Fig.  7. 


In  Fig.  7  is  seen  at  F  a  type  of  construction  more  often  used 
than  would  be  imagined.  The  I-beam  is,  of  course,  inserted 
so  that  repairs  to  one  arch  may  be  made  independently  of  the 
other,  and  the  solid  partition  wall  between  boilers  is,  of  course, 
still  commoner. 

It  is  evident  here  that  there  is  no  chance  for  radiation,  and 
not  only  does  the  center  wall  tend  to  soften,  allowing  the  arch 
to  settle,  but  the  beam  in  many  instances  has  simply  burned 
and  fused  to  a  slag  long  before  this,  of  course  losing  all  value 
as  a  sustaining  member.  In  a  number  of  instances  the  inner 
portion  of  the  wall  has  been  constructed  of  red  brick,  which 
later  became  practically  molten,  and  the  entire  side  wall  simply 
floated  into  the  firebox.  The  suggestion  is  given  in  G  where 
the  wall  is  split,  allowed  to  cool  somewhat  by  radiation  and  so 
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much  increase  the  life  of  both  walls  and  arches  as  to  far  more 
than  offset  the  value  of  the  slight  heat  losses. 

Jn  Fig.  8  at  L)  and  E  are  shown  some  typical  arches  over 
stokers.  The  contour  of  the  burned  surface  indicated  the  in¬ 
fluence  of  the  draft  very  clearly,  and  it  has  so  far  proven  very 
difficult  to  prevent  this  channeling. 


To  consider  for  a  moment  the  influence  on  the  life  of  the 
setting  of  many  practices  fairly  common  among  masons  we  might 
cite  the  often  repeated  question  as  to  whether  or  not  the  intro¬ 
duction  of  a  small  proportion  of  lime  to  the  fire  clay,  thus  mak¬ 
ing  it  easier  to  work,  harms  the  setting.  There  can  be  cited 
doubtless  thousands  of  cases  where  1.25  to  2.0  percent,  or  even 
more,  lime  has  been  used  and  the  brick  apparently  remain  un¬ 
injured,  but  where  the  boiler  is  hard  pushed,  it  is  an  element 
of  danger  despite  the  fact  that  in  many  handbooks  the  use  is 
not  only  countenanced  but  recommended. 

We  have  here  some  samples  taken  from  an  arch  in  this  citv 
only  last  week  which  shows  very  clearly  the  effect  of  the  lime. 
Tn  one  boiler  of  the  battery  1.25  percent  lime  was  added  to  the 
fire  clay,  to  the  others  none.  The  result  is  evident.  This  arch 
stood  but  a  few  days  when  the  lime  simply  fused  with  the  clay  to 
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a  viscous  mass  and  the  brick  merely  slid  from  place  at  a  tem¬ 
perature  at  which  the  brick  themselves  were  absolutely  un¬ 
affected.  It  is  not  the  intention  that  the  brick  shall  be  ‘ ‘stuck’ ’ 
in  place,  but  the  fire  clay  is  merely  to  fill  the  slight  inequalities 
and  interstices  between  the  brick.  They  should  preferably  be 
dipped  and  rubbed  to  place. 

When  the  manufacturer  of  a  high-grade  brick  begins  to  in¬ 
sist  that  it  should  be  laid  with  a  clay  corresponding  in  refrac¬ 
toriness,  his  motives  are  not  invariably  looked  upon  as  altruistic, 
but  this  sample  will  show  very  clearly  the  effect  of  a  compara¬ 
tively  low  grade  plastic  clay,  but  yet  a  fire  clay,  upon  a  refrac¬ 
tory  brick  when  the  temperature  is  brought  well  up.  Such 
an  action  is  an  everyday  occurrence  in  many  plants,  and  yet 
the  buyer  fails  to  account  for  the  short  life  from  an  expensive 
brick. 

We  might  say  a  few  words  in  response  to  the  question  that 
often  arises:  “How  about  silica  brick  in  the  fire  box  arch?” 
It  is,  of  course,  more  refractory  than  a  clay  brick,  expands  and 
tends  to  hold  the  arch  tight  and  is  a  good,  strong  brick  physi¬ 
cally.  The  great  defect,  however,  is  its  tendency  to  spawl  and 
in  the  average  boiler  practice  of  today  they  are  out  of  the  ques¬ 
tion  because  of  operating  conditions. 

In  one  large  central  station  plant  silica  arches  were  installed 
and  operated  with  every  care,  and  the  management  was  care¬ 
fully  advised  as  to  the  necessities  of  the  case.  The  life  of  clay 
brick  had  been  six  months,  while  the  silica  gave  nearly  eighteen 
months,  but  it  was  decided  to  return  to  clay  brick  in  spite  of  this 
showing,  as  constant  caution  was  necessary  in  firing.  There  are 
a  number  of  plants  using  silica  arches,  but  they  are  where  uni¬ 
form  conditions  prevail. 

As  to  the  use  of  bauxite  brick  for  boiler  work,  although 
detailed  and  accurate  data  is  yet  hardly  available,  there  is  suffi¬ 
cient  on  which  to  base  the  prediction  that  is  use  will  become 
general  where  conditions  are  severe.  Crecelius  of  the  Cleveland 
Railway  Company  published  the  preliminary  results  of  his  tests 
in  which  he  showed  the  apparent  absorption  of  silica  by  the 
clinker  of  the  coal  and  the  resistance  to  such  absorption  offered 
by  bauxite. 
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The  results  show  conclusively  that  bauxite  brick  are  far 
superior  in  the  particular  practice  at  this  plant  and  indicate  that 
experimenting  along  these  lines  is  well  worth  trial.  Its  use  in 
the  fireboxes  of  kilns  under  very  severe  service  shows  probably 
treble,  that  of  fire  brick,  but  the  data  is  as  yet  incomplete,  nor 
have  the  tests  in  some  ten  or  fifteen  power  plants  yet  been  suffi¬ 
ciently  long  under  fire  to  form  adequate  returns  for  basing 
judgment. 

DISCUSSION 

Mr.  A.  V.  Bleininger  :*  In  modern  boiler  practice  it  seems 
to  me  we  are  getting  very  close  to  the  limit  in  temperatures, 
referring  merely  to  the  clay  products.  This  was  illustrated  very 
nicely  in  an  experiment  made  some  years  ago  at  the  Arsenal 
Grounds  with  a  Murphy  stoker,  where  it  was  found  that  a 
temperature  corresponding  to  the  melting  point  of  platinum  was 
produced.  Whenever  we  get  to  working  with  a  temperature  of 
such  high  thermal  efficiency  we  are  bound  to  meet  with  difficul¬ 
ties  regarding  the  refractories.  We  recognize  that  there  are 
certain  limits  to  the  fusibility  of  refractories,  and  for  this  rea¬ 
son  I  was  very  much  interested  to  learn  how  some  of  these 
difficulties  may  be  overcome.  We  can  no  longer  depend  on  the 
refractories,  because  we  cannot  push  our  temperatures  to  the 
limit,  and  relief  must  be  obtained  by  certain  cooling  effects  and 
arrangements  of  the  arches  as  indicated.  It  also  makes  us  real¬ 
ize  that  the  quality  of  the  refractories  must  be  of  the  very 
highest  grade  obtainable.  It  seems  to  me  that  the  question  of  a 
few  dollars  should  not  be  a  prime  criterion  when  selecting  the 
material,  and  T  also  agree  with  Mr.  Seaver  in  regard  to  the  mor¬ 
tar  to  be  used.  If  we  pay  a  good  price  for  the  refractory  we 
should  use  the  very  best  material  obtainable  for  mortar  purposes. 
The  use  of  the  lime  as  lie  has  mentioned,  is  very  objectionable. 
Any  addition  of  fluxes  is  bound  to  be  very  detrimental. 

May  I  ask  in  regard  to  clay  bond  silica  brick,  as  to  whether 
any  success  has  been  obtained  with  them.  The  reason  T  ask  is 
is  that  not  very  long  ago  a  coke  oven  project  came  to  our  atten¬ 
tion  in  which  they  have  not  been  very  successful  in  using  a  clay 

^Ceramic  Chemist,  LT.  S.  Bureau  of  Standards,  Fortieth  and  Butler 
Streets,  Pittsburgh. 
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bond  brick  of  European  manufacture.  Some  of  them  were  im¬ 
ported  and  the  rest  of  them  made  on  European  formulae. 

The  Author  :  Anything  I  might  say  is  with  the  feeling 
which  I  know  is  present  with  all  of  us ;  that  it  should  bear  little 
weight  in  comparison  with  Mr.  Bleininger’s  opinion,  that  of  a 
man  whose  work  has  been  exceptional  in  this  country  along  this 
line.  I  cannot  help  expressing  a  word  of  appreciation  of  the 
work  Mr.  Bleininger  has  done  for  the  silicate  industries  of  the 
country.  I  will  ask  Mr.  Coolidge  to  say  something  on  the  ques¬ 
tion  you  have  asked  for.  He  is  very  familiar  with  the  work  that 
has  been  done  in  clay  bond  silica  brick  in  the  entire  coke  region 
of  the  Connellsville  district,  where  that  type  of  brick  has  been 
tried  out  very  thoroughly. 

Mr.  G.  G.  Coolidge  :*  About  eleven  years  ago  we  were 
manufacturing  a  clay  bond  silica  brick  which  was  nothing  more 
nor  less  than  a  certain  percentage  of  silica  sand  rock  with  a 
plastic  clay  used  as  a  bond.  It  analyzed  about  70  percent  silica. 
We  used  it  almost  exclusively,  in  fact  all  manufacturers  used 
it,  for  the  crowns  of  coke  ovens.  We  found  that  they  were  not 
giving  the  efficiency  that  brick  in  oven  crowns  should  give, 
which  was  due  to  the  fact  that  clay  bond  silica  brick  was,  pri¬ 
marily,  low  in  refractoriness,  caused  by  the  excessive  amount  of 
silica;  the  excess  of  silica  acting  as  a  flux.  In  coke  oven  prac¬ 
tice  the  temperature  in  the  ovens  is  about  2600  deg.  Fahr.,  and 
the  refractoriness  of  this  'brick  was  not  high  enough  for  the  cok¬ 
ing  operation,  or  consequently  for  any  other  operation  where 
the  temperature  exceeds  2600  deg.  Clay  bond  silica  brick  in 
the  crown  of  a  coke  oven  will  vitrify  and  will  not  absorb  heat 
and  consequently  the  efficiency  of  the  oven  will  drop,  as  when 
recharging  the  oven  it  will  not  readily  take  up  heat  and  return 
it  to  the  next  charge. 

Mr.  O.  H.  Bathgate  :f  I  have  little  to  say  from  the  brick 
manufacturer’s  standpoint,  as  my  experience  has  been  along 
lines  of  operating  power  plants.  In  the  maintenance  of  furnaces 
in  boiler  plants,  we  pay  special  attention  to  selecting  different 

*District  Manager  of  Sales.  Harbison -Walker  Refractories  Company. 

fSteam  Engineer,  Westinghou.se  Electric  &  Mfg.  Co.,  East  Pittsburgh. 
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burns  of  brick  for  different  locations  in  the  furnace.  Our  ex¬ 
perience  has  taught  us  to  use  grades  of  brick  in  the  side  walls 
and  in  the  arches  opposite  in  quality  of  burn  to  that  recom¬ 
mended  by  some  of  the  brick  people.  We  find  little  trouble  on 
side  walls,  due  to  clinkering,  and  hence  use  a  medium  burn 
brick,  as  it  stands  expansion  and  contraction  better.  The  leak¬ 
age  of  water  on  the  arches,  being  kept  at  a  minimum,  we  con¬ 
sider  it  better  to  use  the  harder  burn  here,  as  the  life  of  the  arch 
is  longer  than  with  the  coarse  burned  brick. 

The  average  life  of  our  boiler  furnace  arches  is  approxi¬ 
mately  18  months,  this  depending  on  the  width  of  arch  and  type 
of  furnace.  The  wide  arches  and  those  in  dutch  ovens  do  not 
stand  up  quite  as  well  as  in  the  simple  narrow  width  furnaces. 

Mr.  Seaver  spoke  of  the  unevenness  of  the  spawling  off 
across  the  width  of  the  arch.  We  have  overcome  this  to  some 
extent  as  well  as  improved  the  combustion  properties  of  the  fur¬ 
nace  by  accelerating  the  movement  of  coal  along  the  side  lines. 
This  produces  a  more  even  fire  and  minimizes  the  tendency  of 
the  draft  to  go  in  defined  paths  or  create  spawling. 

One  point  Mr.  Seaver  did  not  speak  of  was  in  regard  to 
the  effect  of  sizes  of  brick  on  arch  life.  I  was  connected  with  an 
installation  several  years  ago  in  which  was  originally  installed 
fiat  arches  built  of  brick  12  in.  deep,  suspended  practically  in 
the  same  way  as  shown  in  the  arch  on  the  screen.  The  expan¬ 
sion  and  contraction  in  these  large  brick  was  too  great  and  they 
had  to  be  supplanted  with  ones  of  just  half  those  dimensions. 
At  first  a  sprung  arch  was  installed  under  600  h.  p.  boilers,  but 
on  carrying  a  1200  to  1400  h.  p  load  on  each  boiler  it  was 
soon  found  that  this  type  of  arch  would  not  stand  up. 

In  setting  up  furnace  brick  work,  we  have  found  it  advan¬ 
tageous  to  mix  a  small  quantity  of  salt  with  the  fire  clay.  This 
produces  a  glazing  effect  and  tends  to  stay  off  the  deteriorating 
of  joints. 

Mr.  G.  G.  Coolidge  :  •  \  notice  Mr.  Bathgate  stated  that  he 
used  soft  brick  in  the  side  walls  with  good  results  and  hard 
brick  in  the  arches.  I  would  like  to  ask  if  that  is  exactly  what 
he  meant. 
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Mr.  0.  H.  Bathgate  :  No.  I  said  a  medium  burned  brick. 

Mr.  G.  G.  Coolidge  :  That  is  certainly  interesting,  for  it  is 
exactly  the  opposite  from  what  we  have  found  to  prove  more 
satisfactory,  especially  at  the  clinker  line  Mr.  Seaver  has  spoken 
of.  I  would  like  to  know  if  anyone  else  has  used  softer  burned 
brick  in  the  side  walls  and  hard  in  the  arches. 

The  Author  :  Mr.  Bathgate  may  have  in  his  particular 
plant  some  unusual  conditions,  and  there  are  circumstances 
under  which,  of  course,  they  will  give  better  results.  In  the 
anthracite  district  the  practice  is  entirely  different.  They  use 
a  very  hard  burned,  dense,  almost  vitrified  brick  in  the  arch, 
with  infinitely  superior  results,  than  the  comparatively  porous 
elastic  brick  of  which  we  have  spoken.  But,  of  course,  with 
the  anthracite  fuel,  with  a  different  flame,  that  is  accounted 
for. 

Mr.  S.  M.  Marshall  :±  I  would  like  to  ask  a  question  which 
is  somewhat  away  from  the  subject  of  boiler  settings,  and  has 
to  do  with  open  hearth  practice.  There  seems  to  be  a  good  deal 
of  discussion  among  open  hearth  men  as  to  whether  a  coarsely 
ground  or  finely  ground  'brick  gives  the  better  service  in  open 
hearth  roofs ;  that  is,  whether  a  dense  or  porous  brick  is  better. 
Can  Mr.  Seaver  advise  us? 

The  Author:  You  are  referring  to  the  silica  brick  of  com¬ 
merce.  You  will  find  when  you  speak  of  a  coarse  grind,  or  a 
fine  grind,  in  silica  brick  of  the  shapes  ordinarily  used  in  the 
open  hearth  roof  there  is  almost  no  variation  in  the  material 
of  any  of  a  half  dozen  manufacturers.  With  fire  clay  brick  any¬ 
one  can  take  half  a  dozen  brands  and  readilv  tell  the  difference 

t/ 

in  grind.  But  break  open  half  a  dozen  brands  of  silica  brick 
and  it  takes  a  very  experienced  man  to  tell  the  difference,  or  to 
tell  the  difference  in  the  brick  of  the  same  brand  intentionally 
made  different  in  grind.  I  do  not  think,  within  the  variations 
that  are  commercially  known,  you  can  say  there  is  any  advan¬ 
tage  one  way  or  the  other.  The  point  I  want  to  make  is  that 
there  are  many  other  things  vastly  more  important  in  the  life 
of  the  brick  than  the  difference  in  grind. 

JChief  Engineer,  Cambria  Steel  Company,  Johnstown,  Pa. 
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Mr.  S.  M.  Marshall  :  One  matter  in  our  experience  might 
be  of  interest  as  showing  the  high  temperatures  secured  in  some 
of  our  modern  heating  furnaces.  We  have  a  continuous  heating 
furnace  about  13  ft.  wide,  which  is  used  for  heating  billets  from 
4  by  4  in.  to  about  4  by  bl/2  in.  A  year  ago  an  underfeed  stoker 
was  put  on  the  furnace  and  in  order  to  get  the  flame  over  the 
bridge  wall  and  into  the  heating  chamber  quickly,  we  made  the 
roof  very  low.  The  hearth  of  the  furnace  is  built  with  water 
cooled  skid  pipes  to  a  point  probably  four  feet  back  from  the 
bridge  wall,  and  this  end  is  paved  with  magnesite.  We  have 
seen  this  magnesite  fore  hearth  liquid  beyond  the  ends  of  the 
billets. 

Mr.  G.  R.  Folds:*  What  temperatures  have  you  found 
generally  obtain  in  boiler  furnaces ;  what  is  the  range  of  temper¬ 
atures  with  the  Murphy,  Roney  or  other  stokers? 

The  Author:  That  is  a  pretty  hard  question  to  answer,  be¬ 
cause  we  get  everything  from  2200.  or  2300,  as  a  minimum,  up 
to  something  considerably  over  3000.  there  is  no  question.  The 
temperature  was  above  even  that  in  the  example  Mr.  Bleininger 
mentioned. 

Mr.  A.  V.  Bleininger  :  It  was  about  3100  or  3150  degrees. 

Mr.  G.  R.  Folds:  Some  engineers  say  they  have  3500  or 
3600  deg.  Fahr.,  and  I  wish  to  bring  out  the  true  range  of 
temperatures. 

The  Author  :  Of  course  they  do  not  have  that.  The  av¬ 
erage  temperature  if  you  have  a  stoker  I  would  say  is  2800  deg. 
In  one  large  power  plant  I  know,  considered  a  very  efficient 
plant,  their  temperature  is  2800  normally,  up  to  2900  maximum 
and  down  to  2700  deg. 

Mr.  G.  R.  Folds:  Burning  slack? 

The  Author:  Yes,  with  a  chain  grate  stoker. 

Mr.  O.  H.  Bathgate:  I  would  like  to  ask  Mr.  Seaver  as  to 
the  best  baffle  brick  for  high  duty  boiler  service. 

The  Author  :  Baffle  brick  are,  of  course,  not  subject  to  as 
great  temperatures  or  as  severe  action  as  in  the  arches  and  are 

♦Manager,  H.  W.  Johns-Manville  Company,  Pittsburgh. 
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usually  what  might  be  termed  an  ordinary  first  quality  brick, 
but  so  made  that  they  are  pretty  fairly  accurate.  So  often  the 
term  is  used  as  it  was  a  few  years  ago  regarding  boiler  brick, 
“Anything  is  good  enough  for  boiler  setting.’’  And  the  same 
saying  is  common  today  as  to  baffle  brick:  “Not  a  good  brick, 
but  a  brick  that  will  stand  up.”  Any  first  quality  brick  will 
stand  up  to  2500  or  2800  deg.  easily,  and  it  should  be  pretty 
fairly  close  grained  because  otherwise  you  do  not  get  as  good 
workmanship,  or  as  accurate  shape. 

Mr.  0.  H.  Bathgate  :  Are  any  special  methods  now  em¬ 
ployed  for  binding  baffle  brick? 

The  Author:  No,  I  do  not  know  of  any. 

The  Author  :  I  would  like  to  say  a  word  about  the  matter 
of  drying  out.  Nearly  everyone  familiar  with  the  practice  will 
advocate  a  minimum  of  two  or  three  days  in  drying  out  any 
green  boiler  setting.  There  is  a  vast  amount  of  moisture  to  be 
gotten  rid  of  there.  In  a  setting  involving  10  000  brick  there 
will  be  nearly  two  tons  of  water  to  be  evaporated.  An  example 
came  to  my  notice  only  last  week  in  which  a  new  setting  was 
installed  and  was  finished  at  12  o’clock  noon.  At  two  o’clock 
there  was  80  lbs.  of  steam  on.  That  boiler  was  then  brought  up 
to  145  lbs.  in  an  hour  and  operated  for  three  or  four  days  and 
then  shut  down  and  cooled,  cut  out,  and  in  24  hours  it  was  cool 
enough  to  examine.  It  was  then  brought  up  again  from  noth¬ 
ing  to  145  lbs.  and  cut  in  on  the  line  in  five  hours.  These  are 
some  of  the  things  a  boiler  has  to  stand  once  in  a  while. 

Mr.  J.  B.  Shaw  :  I  would  like  to  know  whether  this  baux¬ 
ite  brick  has  been  used  in  the  enameled  iron  industry  and  the 
pottery  industry  in  connection  with  brick  furnaces,  the  melting 
of  glass  materials,  and  does  it  give  as  good  results  as  a  first-class 
No.  1  fire  clay  brick? 

The  Author  :  Someone  else  may  have  more  information 
than  I.  But  referring  to  enameling  furnaces,  that  has  been 
tried,  but  not  with  great  success.  What  is  termed  flux  block 
material,  very  fine  and  very  hard,  has  given  the  best  results. 
That  has  been  made  of  clay  which  has  been  stocked  six  or  eight 
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weeks  and  reworked.  So  far  as  I  know  a  block  of  that  kind 
has  so  far  proved  itself  superior  to  anything  else.  The  bauxite 
block,  though  almost  neutral  to  many  slags,  is  by  no  means  un¬ 
affected  by  many  of  the  oxides  used  in  the  enamels. 

Mr.  J.  B.  Shaw:  Another  point  in  connection  with  enam¬ 
eling.  I  find  in  many  furnaces  the  brick  wear  down  because 
of  the  draft.  I  do  not  think  it  is  so  much  due  to  the  excessive 
heat  as  to  the  construction,  so  that  the  friction  of  the  draft  wears 
it  out.  What  brick  would  give  the  best  results  in  that  connection, 
because  it  has  to  stand  more  or  less  friction  of  the  draft  and  yet 
not  such  excessively  high  temperatures. 

The  Author :  Have  you  tried  silica  brick  there? 

Mr.  J.  B.  Shaw:  They  do  not  last  very  long.  They  pierce 
under  the  arches. 

The  Author  :  It  is  hard  to  make  a  general  statement  be¬ 
cause  the  practice  differs  so.  In  two  or  three  large  enameling 
plants  with  which  I  am  familiar  silica  brick  has  given  three  and 
four  and  sometimes  five  times  the  life  of  clay  brick.  It  is  prob¬ 
ably  due  to  a  difference  in  operation.  In  one  plant  I  have  in 
mind  they  got  18  months,  and  previous  to  that  they  got  three  or 
four  months  and  only  sometimes  six.  As  to  bauxite  in  that  lo¬ 
cation  I  do  not  know.  It  is  possibly  a  little  more  refractory  than 
the  highest  type  of  fire  clay  brick.  In  one  instance  I  have  in 
mind  it  was  satisfactory,  in  another  it  was  not  satisfactory. 
That  is  about  the  sum  of  my  information  on  it. 

Mr.  G.  G.  Coolidge:  Can  Mr.  Shaw  tell  us  what  tempera¬ 
ture  they  get  in  the  enameling  furnaces  he  speaks  of  ? 

Mr.  J.  B.  Shaw  :  I  have  never  made  a  determination  of 
that,  but  I  judge  it  runs  close  to  3000  deg.  at  times.  A  man 
told  me  a  few  days  ago  that  there  was  not  a  pyrometer  on  the 
market  that  would  measure  these  temperatures.  There  is  one, 
undoubtedly,  but  I  have  never  tried  it. 

The  Author:  I  would  not  have  said  over  2600  deg.,  but 
my  opinion  is  not  worth  much  on  that  point,  that  is  under  the 
arch,  because  the  firebox  is  considerably  removed  from  it. 
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A  Member:  I  would  like  to  ask  Mr.  Seaver  what  is  the 
proper  time  in  drying  out  an  arch  about  6  ft.  long  and  12  ft.  6  in. 
wide;  also  if  he  has  had  any  experience  with  the  preparations  on 
the  market  to  put  on  the  arches  to  effect  the  vitrificaion  of  the 
brick,  what  effect  that  has  on  the  life  of  the  arch. 

The  Author:  If  only  the  arch  were  involved  I  should 
think  the  boiler  ought  to  be  steaming  in  a  day  and  a  half,  but 
not  at  maximum  temperature.  The  main  point  is  that  the  first 
12  to  24  hours  it  should  be  very  slowly  heated.  If  the  tempera¬ 
ture  is  brought  up  very  slowly  in  the  first  part  of  the  heat  you 
do  not  damage  the  brick  so  much  on  a  later  rise  in  temperature. 
That  is  brought  out  more  clearly  in  the  use  of  the  silica  brick. 
Silica  brick  at  1000  deg.  temperature  has  reached  75  percent  of 
the  expansion,  which  causes  the  spalling,  and  the  chances  of  the 
brick  spalling  are  consequently  less. 

As  to  the  effect  of  various  things  to  flux  the  surface  of  the 
arch,  if  they  are  used  wisely  and  in  not  too  great  quantity  they 
are  good.  Generally  speaking,  anything  which  produces  a  glaze 
on  the  under  side  of  the  arch,  if  it  is  not  in  such  quantity  as  to 
materially  lower  the  refractoriness  of  the  body  of  the  brick  or 
go  into  the  body  of  the  brick  is  a  good  thing.  If  you  can  get  it 
to  glaze  smoothly  and  uniformly  it  will  undoubtedly  give  it  a 
long  life. 

Mr.  S.  M.  Marshall:  It  was  stated  that  the  clay  bond 
silica  bricks  contained  about  70  percent  silica.  This  compares 
reasonably  well  with  some  of  the  natural  quartzites.  Mr.  Seaver 
states  that  the  refractoriness  will  be  decreased  by  an  increase  in 
the  silica  of  a  silica-alumina  mixture  beyond  52  percent.  Is  this 
true  of  a  natural  quartzite? 

Efforts  have  been  made  in  this  country  to  duplicate  the  re¬ 
sults  which  are  secured  by  the  use  of  Belgian  or  other  conti¬ 
nental  quartzites  by  mixtures  of  different  clays  or  clay  and  gan- 
ister.  These,  however,  have  not  been  successful,  as  the  results 
were  not  as  good  as  obtained  with  bricks  made  from  a  natural 
quartzite  clay.  Are  these  natural  quartzites  as  lacking  in  re¬ 
fractory  qualities  as  our  American  mixtures  compared  with  the 
52  percent  silica-fire  clay,  or  is  there  some  natural  quality  which 
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these  quartzites  possess  which  differentiates  them  from  the  ar¬ 
tificial  mixtures? 

The  Author  :  The  Belgium  quartzite  is  decidedly  superior 
to  the  mixture  previously  referred  to,  because  in  a  clay  bond 
silica  brick  the  sand  used  is  made  from  a  sand  rock  and  not  a 
ganister  rock.  When  you  say  increase  of  silica  decreases  the  re¬ 
fractoriness,  strictly  speaking  that  is  true.  As  a  matter  of  fact 
if  you  take  any  two  makes  of  fire  brick  and  compare  them  with 
quartzite  brick  as  such,  there  are  advantages  in  the  quartzite 
brick  in  that  they  are  almost  neutral.  They  practically  do  not 
expand  or  contract.  But  you  cannot  use  that  brick  in  a  roof  of 
a  heating  furnace  at  highest  temperature.  It  will  melt  at  con¬ 
siderably  lower  temperature  than  will  a  high-grade  fire  brick. 

t 

Mr.  S.  M.  Marshall  :  Do  you  mean  a  natural  quartzite  or 
an  artificially  mixed  quartzite? 

The  Author:  I  mean  any  quartzite  brick  in  this  country, 
or  such  as  we  have  tested.  There  may  be  others  that  we  have 
not  tested.  I  do  not  know  that  that  is  true  of  all  of  them. 

Mr.  S.  M.  Marshall  :  Even  if  you  make  a  clay  bond  silica 
brick  using  ganister  and  containing  about  70  percent  silica? 

The  Author  :  We  make  a  quartzite,  as  we  term  it,  which 
is  a  clay  bond  silica  except  that  the  ganister  we  use  is  identical 
with  that  for  silica  brick  and  a  hard  clay  for  clay  body. 

Mr.  S.  M.  Marshall:  Is  this  more  or  less  refractory? 

The  Author:  Less,  very  much  less. 

Mr.  0.  H.  Bathgate:  I  want  to  call  your  attention  to  a 
modern  power  plant,  now  being  installed  in  Detroit.  In  this 
plant  fire  brick  difficulties  have  been  practically  eliminated  by 
using  cast  steel  water  boxes  along  the  side  walls  at  clinker  line 
and  entirely  elimiating  brick  arches  of  any  type.  The  600  h.  p. 
Sterling  type  boilers  are  installed  over  an  under-feed  type  of 
stoker,  allowance  being  made  for  approximately  10  feet  of  com¬ 
bustion  chamber  between  mud  drum  of  boiler  and  floor  elevation 
of  room.  The  coal  is  fed  np  through  the  fire,  the  volatile  gases 
being  released  and  burned  in  the  large  combustion  chamber, 
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while  the  body  of  the  coal  is  forced  through  to  the  incandescent 
line  where  complete  combustion  takes  place. 

Mr.  J.  B.  Shaw  :  Is  it  not  a  fact  that  the  fire  clay  fur¬ 
nished  with  the  fire  brick  to  be  used  as  a  mortar  contains  a 
higher  percentage  of  plastic  clay  than  is  used  in  the  manufacture 
of  the  brick  itself,  which  of  itself  would  make  the  mortar  less 
refractory  than  the  brick? 

The  Author:  Literally,  yes.  But  the  difference  in  refrac¬ 
toriness  between  the  two  clays  is  so  small  that  the  small  per¬ 
centage  of  difference,  roughly  speaking  10  per  cent,  makes  the 
difference  in  refractoriness  so  small  that  it  is  negligible.  I 
would  say  the  average  fire  clay  furnished  with  the  average  fire 
clay  brick  would  run  possibly  50  or  75  degrees,  at  the  outside, 
less  refractory  than  the  fire  brick. 
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About  ten  years  ago,  the  American  Iron  &  Steel  Manu¬ 
facturing  Co.,  noting  the  use  of  pulverized  coal  in  the  large 
furnaces  of  the  cement  industry,  commenced  the  experimental 
use  of  this  fuel  in  metallurgical  furnaces. 

From  the  first  it  was  apparent  that  its  economical  use  de¬ 
pended  upon  the  absolute  control  of  the  feed  by  the  burner. 
This  having  been  accomplished,  we  have  applied  it  to  over  otic 
hundred  furnaces  of  various  types,  such  as  those  for  puddling 
and  heating,  and  of  smaller  sizes  for  re-lieating  nut,  bolt,  and 
spike  bars. 

It  has  proved  to  be  a  commercial  success  for  all  the  above 
purposes,  and  the  experience  of  ourselves,  and  others  working 
along  similar  lines,  show  that  it  can  be  used  with  equal  economy 
for  basic  open  hearth  steel  furnaces,  either  with  or  without 
checker  work. 

Our  experience  in  the  use  of  this  fuel  over  a  number  of 
years  has  been  so  satisfactory  and  so  economical  that  we  are  now 
largely  increasing  our  installation,  and  are  about  to  apply  it  to 
open  hearth  steel  furnaces. 

Success  in  the  use  of  this  fuel  requires: 

First:  That  both  the  free  and  combined  moisture  be  ex¬ 
pelled  by  artificial  heat,  down  to  0.5  percent. 

Second:  That  it  be  pulverized  so  that  95  percent  will  pass 
through  a  sieve  of  one  hundred  meshes  to  the  square  inch, 
over  80  percent  that  we  pulverize  will  pass  through  a  two 
hundred  mesh  sieve. 

Third:  The  delivery  to  the  furnace  must  be  controlled  by 

Presented  at  the  regular  monthly  meeting  of  the  Society,  September 
30,  and  published  in  the  October,  1913,  Proceedings. 

♦President,  American  Iron  &  Steel  Manufacturing  Company,  Leb¬ 
anon,  Pa. 
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the  burner  so  that  the  proper  feed  may  be  secured.  We  have 
burners  using  only  40  pounds  per  hour,  others  over  900  pounds. 

Fourth:  For  the  purposes  stated  above,  metallurgical 
furnaces,  the  coal  should  have  a  high  volatile  content,  not  less 
than  30  percent. 

The  coal  we  are  now  using  analyzes, 

Volatile  33 . 20 

Mixed  Carbon  56.07  • 

Moisture  1 . 12 

Ash  9 . 61 

The  sulphur  should  not  exceed  one  percent. 


Fig.  1.  Coal  Storage  Building,  with  portion  of  automatic  conveyor. 


In  the  puddling  and  heating  furnaces,  the  firing  grates 
formerly  used  for  lump  coal,  serve  as  combustion  chambers  for 
pulverized  coal,  and  collect  a  large  portion  of  the  ash.  The 
combustion  chamber  in  the  heating  furnaces,  holding  about  six 
tons  of  iron  piles,  is  about  five  feet  from  back  to  bridge  wall. 
Some  is  collected  at  base  of  stack,  and  some,  in  impalpable 
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fineness,  passes  through  the  stack.  That  which  falls  upon  the 
material  in  furnace  is  too  small  a  percentage  to  unfavorably 
affect  it.  In  one  of  our  plants,  located  near  a  residential  sec¬ 
tion,  we  have  suction  fans  in  the  stacks  to  collect  the  ash. 


Fig.  2.  View  of  dryer.  Its  capacity  is  G  tons  per  hour,  one 
alongside  has  a  greater  capacity. 
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Our  equipment  for  preparation  of  pulverized  coal  at  our 
Lebanon  plant  is  as  follows : 

The  slack  coal  is  conveyed  automatically  from  the  car  to 
the  pile,  then  taken  by  screw  conveyors  to  the  dryers,  and  in 
the  same  manner  from  the  dryers  to  the  pulverizers.  When 
ready  for  use  it  is  similarly  conveyed  throughout  the  works, 
in  some  cases  a  third  of  a  mile.  It  is  not  touched  by  hand 
or  shovel  from  the  freight  car  to  the  furnace.  Using  slack  coal 
we  do  not  require  a  crusher.  The  dryers  are  made  by  several 
manufacturers.  The  pulverizers  are  of  two  types,  the  hori- 


Fig.  3.  Tube  mill  pulverizer. 


zontal  tube  mill  and  the  upright  mill.  They  are  practically 
equal  in  efficiency,  each  machine  delivering  about  4  to  4^4  tons 
per  hour.  These  mills  are  made  by  a  number  of  manufacturers. 

As  the  coal  leaves  the  pulverizing  plant  it  is  weighed  m 
a  large  automatic  scale.  The  heating  and  puddling  furnaces 
have  each  a  small  automatic  scale,  and  the  total  of  the  small 
scales  is  checked  up  each  day  with  the  record  of  the  large  one. 

At  the  end  of  each  line  there  should  be  an  overflow  pipe, 
see  Fig.  5,  to  prevent  the  coal  from  choking  up  the  screw,  if 
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anything  should  happen  to  the  cross  lines.  Otherwise,  should 
the  coal  overflow  near  an  open  fire  it  will  burn  back  very 
quickly. 

Attached  to  each  of  our  furnaces  is  a  tank  or  hopper  of 
size  to  carry  about  fifteen  hours’  supply  of  pulverized  coal.  On 
several  occasions  the  fuel  has  ignited  in  these  tanks,  usually 


Fig.  4.  Upright  pulverizer. 
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Fig.  5.  Overflow  pipe  and  tank  at  end  of  conveyor  line. 

on  Monday  mornings  when  the  left  over  fuel  has  accumulated 
moisture.  In  such  cases  it  is  only  necessary  to  stop  the  supply, 
and  to  feed  the  burning  coal  into  the  furnace  until  tank  is 
empty.  There  is  no  danger  of  explosion  under  these  conditions. 
Indeed,  during  our  entire  experience  with  this  fuel  we  have 
had  no  explosions.  These  occur  from  coal  in  suspension  in  a 


LORD - PULVERIZED  COAL  IN  METALLURGICAL  FURNACES  369 

room  coming  in  contact  with  flame.  The  same  result  would 
follow  filling  a  room  with  wheat  flour  in  suspension.  Proper 
attention  to  the  pulverizing  plants  and  machinery  will  elimi¬ 
nate  this  possible  danger. 

It  is  not  good  practice  to  have  the  dryer  in  the  coal  pul¬ 
verizing  house,  for  the  reason  that  if  an  accident  should 
occur  causing  the  coal  to  overflow,  it  might  be  drawn  into  the 
fire  chamber  of  the  dryer  causing  fires,  with  possible  injury  to 
employees. 


Fig.  6.  Pulverized  coal  burner  with  one  side  open  to  show  screw. 


The  fuel  should  be  delivered  to  puddling  and  heating 
furnaces  at  a  low  air  pressure.  We  use  four  to  six  ounces  of 
blast  to  blow  the  coal  through  a  small  pipe  from  the  burner  to 
the  large  blast  pipe,  which  in  a  heating  furnace  is  from  10  in. 
to  14  in.  diameter.  This  large  pipe  conveys  it  to  the  furnace 
with  a  pressure  of  about  one  ounce,  or  less,  per  square  inch. 
If  these  pressures  are  observed  the  roof  and  side  walls  of  a 
furnace  heating  wrought  iron  for  rolling  will  last  four  or  five 
months,  when  running  double  turn  six  days  per  week. 

As  to  economy  of  fuel,  I  show  the  actual  results  in  our 
Central  Works  during  the  months  of  April  and  May,  1913. 

PUDDLING  FURNACES 

The  figures  show  the  quantity  of  fuel  necessary  to  pro¬ 
duce  one  ton  of  puddled  bar,  made  from  grey  forge  pig  iron,  the 
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product  during  these  months  was  for  high  grade  bar  requiring 
special  work  and  time. 


23 

furnace  . 

April 

.  1362 

May 

1318 

24 

u 

.  1169 

1277 

25 

a 

.  1271 

1472 

26 

a 

.  1371 

1362 

The  average  during  same  months  on  a  lower  grade  of  pig, 
and  cast  scrap  was  1239  pounds. 

Our  1912  records  show  cost  of  preparing  pulverized  coal 

as  folio  v  s  :  Bate  per  gross  ton 

of  coal  produced. 
Cents 

Fuel .  0.034 

Repairs  to  Buildings .  0.002 

Operating .  0.145 

Power  (Steam  and  Electric) .  0.221 

Rei^airs  to  Machinery  and  Equipment  ..  ..  0.200 


Total .  0 . 602 

This  total  includes  the  cost  of  automatic  transmission 
through  pipes  to  the  furnaces. 

Analyzing  the  last  expense  item,  we  find  repairs  which 
should  be  charged  over  the  past  eight  years,  so  that  total  cost 
of  preparation  and  transmission  did  not  properly  exceed  50c 
per  ton  of  pulverized  coal  produced  during  1912. 

If  we  separate  the  transmission  from  the  actual  preparation, 
the  cost  of  the  latter  would  be  less  than  40c.  Many  plants 
would  not  require  the  extensive  transmission  required  by  us. 
When  the  coal  is  prepared  as  herein  outlined,  smoke  is  prac¬ 
tically  eliminated.  If  the  stacks  show  black  smoke,  it  would 
show  a  wasteful  use  of  the  fuel  to  the  detriment  of  the  oper¬ 
ator’s  interest,  and  it  is  at  once  corrected. 


HEATING  FURNACES 

In  heating  iron  piles  for  rolling  we  have  the  following 
results  during  the  same  months: 


Name  of  Mill 

April 

May 

12  in.  Central . 

.  516 

528 

12  in.  West . 

.  544 

570 

16  in.  Central . 

.  519 

523 
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The  figures  show  the  amount  of  fuel  consumed  to  produce 
a  gross  ton  of  rolled  bars.  On  steel  billets  the  amount  would 
be  one-third  less. 


Fig.  7.  View  of  Puddle  Furnace  showing  coal  tank  and  burner 

connection. 


Mr..  William  A.  Evans:*  In  preparing  discussion  on  the 
subject  of  the  evening  I  have  followed  the  suggested  outline 
for  discussion. 

Grades  of  coal  that  can  he  used :  This  heading  might  well 
be  written:  “Grades  of  coal  that  should  be  used.”  for  there 
has  probably  been  no  more  deceptive  feature  to  the  powdered 
coal  proposition  than  the  use  of  low-grade  coal.  While  not 
always  the  ultimate  cause  of  failure,  it  has  many  times  been 
the  immediate  cause  for  discontinuance  of  experiments.  Tin* 
word  “can”  implies  possibility,  and  while  it  is  possible  to  burn 
the  most  miserable  grades  in  the  powdered  form  there  are  so 
many  complications  introduced  as  to  overcome  any  economy. 

♦New  England  Manager,  Griscom- Russell  Co.,  Boston,  Mass. 
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The  dream  of  using  up  the  extensive  culm  piles  must  be  aban¬ 
doned  as  they  are  mostly  anthracite  and  dirt,  or  perhaps  better 
put,  dirt  with  a  little  anthracite.  There  is  no  possibility  of 
their  economic  use.  The  particular  difficulty  of  low-grade  coal 
is  the  depositing  of  slag.  This  latter  is  usually  of  such  form 
as  to  be  almost  impossible  of  disposition.  It  moves  very  slug¬ 
gishly  at  a  temperature  of  2500  deg.  Fahr.  and  will  freeze  at 
1800  deg.  It  has  been  suggested  that  some  form  of  flux  might 
be  used  to  make  this  slag  more  fluid  at  low  temperatures.  I 
have  never  seen  this  done,  but  am  disposed  to  believe  that  the 
practical  working  of  this  proposition  would  be  somewhat  diffi¬ 
cult. 

As  a  single  example  of  the  effect  of  low-grade  coal,  I  recall 
experience  with  malleable  iron  annealing  furnaces.  Coal  con¬ 
taining  about  four  percent  ash  was  being  used  with  very  sat¬ 
isfactory  results.  Very  exact  control  of  the  heat  was  possible 
throughout  the  annealing  process.  A  very  small  amount  of 
slag  was  deposited  in  the  combustion  chamber  on  a  bed  of  cin¬ 
ders,  and  this  was  easily  removed  every  twenty-four  hours.  One 
of  the  officers  of  the  company  compared  the  looks  of  the  fine 
powder  with  a  cheap  slack  coal  that  could  be  bought  for  about 
half  what  the  good  coal  was  costing,  and  he  insisted  upon  the 
use  of  the  cheaper  coal.  It  did  not  take  long  to  demonstrate 
the  impossibility  of  the  stuff.  Slag  deposited  in  the  com¬ 
bustion  chamber  rapidly  and  required  frequent  opening  of  the 
furnace  front  to  attempt  removal,  but  this  latter  was  not  so 
easy.  The  result  was,  the  furnace  would  cool  down  and  the 
saving  in  cost  of  fuel  was  soon  overcome  by  complications  and 
ruined  castings. 

I  always  advocate  the  use  of  the  very  best  coal  obtainable, 
especially  when  working  out  any  new  problem.  Good  coal  has 
enough  economy  to  warrant  its  use.  The  trial  of  cheaper  coal 
can  be  undertaken  when  other  details  have  been  perfected: 

Need  for  drying  the  coal :  Many  positive  statements  have 
been  made  pro  and  con  on  the  subject  of  moisture  in  powdered 
coal.  To  follow  my  words  concerning  the  grades  of  coal  that 
could  or  should  be  used,  I  might  consider  this  drying  propo¬ 
sition  under  the  caption:  “Need  or  desirability  of  drying. ’’ 
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Dry  coal  is  very  desirable  and  if  I  were  putting  up  a  plant 
for  my  own  use  I  would  most  certainly  provide  for  drying. 
This  provision  could  be  arranged  for  intermittent  use  depending 
upon  the  degree  of  moisture  in  the  coal. 

First  cost  so  often  enters  into  the  selection  of  apparatus 
that  I  have  installed  a  number  of  equipments  without  dryers 
and  have  obtained  good  results.  Fair  results  maintained  even 
when  the  coal  came  very  wet  containing  15  to  20  percent  water. 

I  recall  visiting  one  of  my  installations  out  in  Iowa  just 
about  Christmas  time  when  there  were  about  18  in.  of  snow  on 
the  ground.  Into  this  snow  the  coal  was  shovelled  after  dyna¬ 
miting  out  of  its  frozen  state  in  the  car.  It  was  then  elevated, 
snow  and  all,  to  coal  hoppers  over  the  pulverizing  machines. 
There  was  never  a  hitch  in  the  operation  nor  any  trouble  in 
maintaining  the  flame,  but  it  does  not  take  much  reasoning  to 
guess  at  the  economic  results.  More  coal  was  certainly  neces¬ 
sary,  about  20  percent  additional,  and  consumed  power  on  the 
machine  piled  up  rapidly,  about  50  percent  above  normal. 

The  only  excuse  for  using  wet  coal  is  limited  capital  for 
first  installation  and  at  that  assurance  of  commercially  dry 
coal  the  greater  part  of  the  time,  i.  e.  moisture  under  five  per¬ 
cent.  Provision  should  be  made  for  protection  from  weather  as 
much  as  possible  both  at  the  plant  and  in  transit.  I  know  one 
concern  that  ships  its  coal  in  box  cars.  Storage  will  drain  some 
moisture,  but  slack  coal  will  retain  15  percent  of  moisture  in¬ 
definitely,  excepting  when  stirred  up  and  brought  in  contact 
with  the  air. 

Where  wet  coal  is  used,  and  this  is  true  of  all  low  tem¬ 
perature  applications,  an  igniting  flame  has  to  be  provided. 
In  the  installation  just  referreed  to  this  is  done  by  a  grate  fire 
in  a  steel  box  18  in.  square  and  five  feet  long,  12  in.  square 
inside  the  fire  brick  lining.  The  powdered  coal  blowing  through 
this  small  box  comes  in  contact  with  the  grate  fire  flame  and 
hot  brick  walls  and  ignites  readily.  The  coal  on  this  grate 
is  replenished  by  particles  dropping  from  the  powder  as  it 
blows  through.  The  powder  falling  on  the  grates  forms  cok«‘ 
and  burns  freely.  Attention  is  required  only  once  in  twenty - 
four  hours  for  raking  out  and  cleaning. 
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The  possible  elimination  of  the  dryer  is  further  limited  to 
grinding  machines  that  will  permit  moist  coal  to  pass  through 
them.  Pulverizers,  using  screens  for  the  separation  of  the 
coarse  and  fine  material,  clog  up  immediately  when  fed  with 
moist  coal. 

Storage  of  the  powder  also,  limits  the  moisture  possibilities. 
Damp  powder  in  the  storage  bin  is  a  nuisance  and  practically 
impossible  to  use.  It  will  cake  almost  solid  and  is  subject  to 
the  development  of  heat  tending  towards  spontaneous  com¬ 
bustion,  if  this  latter  is  possible. 

Description  of  drying  and  crushing  plant:  A  coal  drying 
and  grinding  plant  can  be  of  any  design  suited  to  local  con¬ 
ditions.  I  have  found  the  Ruggles-Coles  Dryer  very  efficient 
and  dustless. 

The  grinding  machine,  according  to  its  method  of  oper¬ 
ating,  determines  many  of  the  other  details,  adding  to  or  reduc¬ 
ing  complications.  Machines  requiring  screening,  either  within 
themselves  or  separately,  are  subject  to  much  auxiliary  convey¬ 
ing  apparatus  with  its  wear,  tear,  and  dust.  Machines  that  have 
an  induced  draft  through  them,  working  with  a  centrifugal  fan, 
simplify  the  coal  handling  very  much  and  reduce  the  amount 
of  dust  escaping.  These  latter  blow  the  powder  a  reasonable 
distance  through  pipes  and  deposit  it  for  storage  or  delivery 
directly  into  the  furnace  for  burning.  In  the  latter  instance 
the  air  supply  has  to  be  under  control,  and  the  quantity  of  coal 
also  under  close  regulation. 

The  Raymond  Mill  works  on  induced  draft  principle  de¬ 
livering  the  powder  for  storage.  This  machine  is  very  efficient 
and  is  widely  used. 

The  Aero  Pulverizer  also  works  on  the  induced  draft  prin¬ 
ciple,  but  has  control  of  coal  and  air  so  that  it  can  be  used  for 
delivering  fuel  direct  to  the  furnace.  In  this  case  one  machine 
is  placed  at  each  furnace,  and  the  central  grinding  plant  is  doue 
away  with.  It  is  on  this  latter  machine  that  I  have  had  much 
experience  with  wet  coal.  There  is  so  much  air  passing  through 
the  machine  at  all  times  that,  with  its  liberal  clearances  and 
beating  process  for  grinding,  wet  coal  passes  through  very 
freely.  In  laying  out  a  plant  for  this  type  of  machine,  I  believe 
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it  is  advisable  to  provide  a. dryer,  especially  when  there  are  long 
periods  of  wet  weather  when  coal  is  liable  to  come  with  10  to 
15  percent  moisture  contained.  Of  course  where  delivery  is 
made  in  box  cars,  as  I  have  referred  to,  reasonably  dry  coal  can 
be  obtained  at  all  times. 

Cost  of  pulverizing  the  coal:  So  many  variable  quantities 
enter  into  the  matter  of  cost  that  one  can  hardly  set  an  exact 
figure  on  grinding  cost.  At  the  same  time,  it  is  useless  to  ac¬ 
cept  the  low  figures  given  by  manufacturers  of  pulverizing  ma¬ 
chines.  We  hear  much  about  costs  of  ten  cents  or  twelve  ceins 
per  ton  for  grinding,  which  may  be  true  for  some  particular 
part  of  the  process.  What  the  purchaser  is  after  is  the  total 
cost  of  handling  the  coal  from  the  cars  up  to  the  furnace.  I 
know  of  one  concern  that  has  a  very  extensive  well-designed 
plant  and,  from  very  exact  figures,  counts  on  fifty  cents  per 
ton  for  unloading,  screening,  drying,  grinding,  and  placing  at 
fhe  furnace.  This  includes  two  men  engaged  all  the  time  in 
unloading  cars  and  caring  for  the  distribution  of  the  coal.  It 
includes  also  care  of  the  dryer,  care  of  the  grinding  plant  and 
upkeep  of  the  apparatus.  This  fifty  cents  per  ton  is  just  about 
taken  care  of  by  the  difference  in  cost  of  slack  coal  and  mine- 
run  coal  which  would  be  used  on  grate  fires.  The  saving  in  cost, 
therefore,  of  an  equal  quality  of  coal  just  about  off  sets  the  cost 
of  grinding. 

Storage  difficulties:  Storage  difficulties  on  dry  coal  should 
not  exist.  They  can  only  amount  to  floating  of  dust  in  the 
atmosphere  which  should  be  taken  care  of  by  a  well-designed 
plant.  It  is  quite  possible  to  retain  the  dust  within  the  storage 
bins.  As  noted  above,  moist  coal  should  not  be  stored  as  it 
does  not  flow  freely  but  cakes  up  and  gives  no  end  of  trouble. 

The  matter  of  explosions,  or  spontaneous  combustion,  of 
powdered  coal  has  no  particular  importance  excepting  that 
provision  be  made  for  keeping  the  coal  moving  and,  in  case  of 
shutdown  of  plant,  coal  should  not  be  left  in  the  storage  bins 
for  much  over  a  week.  There  are  only  precautions  which  are 
reasonable  to  take.  I  know  of  no  trouble  experienced  from  stor¬ 
age  of  coal  for  a  short  time.  It  should,  however,  be  given  a 
chance  to  cool  between  the  pulverizing  machine  and  the  stor¬ 
age  bin. 
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Danger  of  explosion  during  pulverizing  operation :  There 
has  been  much  said  of  the  danger  of  explosions.  I  believe  that 
much  of  this  is  due  to  confusion  with  dust  explosions  in  coal 
mines.  The  latter  are  due  to  dust  floating  in  air  in  a  con¬ 
fined  space.  The  department  in  which  the  coal  grinding  is 
done  is  usually  a  fit  place  for  an  explosion,  for  it  is  almost  im¬ 
possible  to  grind  coal  without  having  dust  escape.  There  is, 
on  the  other  hand,  plenty  of  opportunity  for  change  of  air, 
which  should  minimize  possibility  of  explosions.  Dust  is  some¬ 
what  overcome  by  the  use  of  a  grinding  system  where  exhaust 
fans  are  a  part  of  the  apparatus.  With  the  atmosphere  satu¬ 
rated  with  fine  coal  dust,  and  all  crevices  and  ledges  filled  and 
covered  with  this  dust  there  would  seen  to  be  every  chance  for 
explosion.  At  the  same  time,  I  do  not  know  of  any  instance 
where  explosions  have  taken  place  in  the  grinding  room.  I  do 
know  of  cases  where  a  match  or  spark,  coming  in  contact  with 
some  of  the  dust  laying  on  a  ledge,  has  started  a  fire  which  has 
spread  rapidly.  The  dust  laying  continuous  acts  like  a  long 
fuse.  The  remedy  seems  to  be  to  keep  the  coal  grinding  de¬ 
partment  as  clean  as  possible,  forbidding  the  use  of  any  fire. 

Design  of  furnace  using  pulverized  coal :  The  first  essen¬ 
tial  of  a  powdered  coal  furnace  is  a  large  combustion  space 
where  the  flame  can  occupy  about  four  times  the  volume  of  the 
flame  produced  by  an  ordinary  grate  fire.  This  entire  com¬ 
bustion  space  must  be  free  from  any  metallic  cooling  surface. 
The  possibility  of  such  a  cooling  surface  does  not  enter  into 
most  metallurgical  furnaces,  but  I  am  prompted  to  speak  of  it 
as  this  is  the  probable  reason  why  powdered  fuel  has  not  been 
successful  under  boilers.  Contact  with  the  cooling  surface 
stifles  the  flame  and  stops  combustion.  The  reverberatory  type 
of  furnace  seems  to  be  well  suited  to  the  use  of  powdered  coal. 
It  has  large  combustion  space,  which,  in  the  case  of  powdered 
coal,  extends  over  the  hearth. 

Method  of  feeding  the  fuel:  There  are  probably  as  many 
patents  on  record  in  the  United  States  patent  office  of  powder¬ 
ed  fuel  burners  as  there  are  of  non-refillable  bottles.  Many 
have  taken  a  whack  at  it,  and  I  believe  that  most  any  engineer 
can  design  a  successful  piece  of  apparatus  after  knowing  the 
requirements. 
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To  put  it  in  the  words  of  another:  “Any  mechanism  which 
will  give  a  uniform  mixture  of  coal  and  air  with  both  under 
control  can  be  used  for  feeding  powdered  coal.” 

Burners  are  usually  made  up  of  a  screw  conveyor  of 
variable  speed  which  drops  the  coal  into  a  blast  of  air.  One 
thing  to  be  guarded  against  is  powdered  coal  Bushing.  It 
almost  seeks  its  own  level  as  water.  It  will  sometimes  run 
along  a  screw  conveyor  so  as  to  get  ahead  of  the  latter.  For 
this  reason  the  screw  is  usually  made  very  long  so  as  to  intro¬ 
duce  enough  friction  to  keep  back  the  flush  of  coal. 

There  is  one  very  successful  burner  in  which  no  mechanism 
whatever  is  used,  everything  depending  upon  the  blowing  of  air 
through  a  pocket  of  powdered  coal.  This  air  picks  up  enough 
of  the  powder  in  its  passage  through  it  to  provide  for  com¬ 
bustion.  It  is  my  opinion,  however,  that  this  apparatus  would 
have  a  limited  capacity. 

Some  of  the  failures  that  have  been  experienced  with  burn¬ 
ers  have  been  due  to  the  introduction  of  air  into  the  furnace 
either  by  induced  draft  or  by  a  blast  separate  from  the  intro¬ 
duction  of  the  coal.  The  two  must  be  mixed  thoroughly  before 
entering.  Of  course,  it  is  possible  to  add  a  little  air  for  oxidiz¬ 
ing  purposes,  but  good  combustion  should  first  be  insured  by  a 
good  mixture  of  the  fuel  and  air  at  entrance. 

The  burner  must  be  so  designed  as  to  be  free  from  pockets 
or  storage  space,  and  must  be  out  of  the  influence  of  the  heat 
of  the  furnace.  Heat  will  cause  coke  to  form  and  interrupt  the 
operation. 

One. point  of  powdered  fuel  burner  to  be  remembered  is 
the  air  pressure  used.  There  has  been  a  gradual  reduction  from 
air  at  20  lb.  on  cement  furnaces  of  early  days  down  to  as  low 
as  one-half  an  ounce  on  metallurgical  furnaces.  This  drop  in 
pressure  has  been  due  to  the  destructive  effect  of  the  heavy  air 
blast  and  powder  against  the  brick  work.  Where  low  pressure 
is  used  it  can  only  apply  very  close  to  the  furnace,  for  at  least 
a  four  ounce  pressure  is  necessary  to  carry  the  fuel  effectuallj' 
through  any  length  of  pipe. 

Ash  trouble  in  furnaces  and  in  checker  work:  As  indi¬ 
cated  under  the  head  of  grades  of  coal,  ash  is  liable  to  give 


378  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 

considerable  trouble.  This  may  occur  in  the  combustion  cham¬ 
ber,  on  the  hearth,  or  in  the  flues.  Slag  formed  is  very  diffi¬ 
cult  to  handle.  In  the  combustion  chamber  it  can  be  provided 
for  by  the  use  of  a  bed  of  cinders,  which  will  remain  loose  and 
can  be  pried  out.  On  .the  hearth  of  a  reverberatory  furnace  the 
ash  forms  a 'slag  which  can  be  drawn  off  with  other  impurities. 
In  the  flues,  control  of  the  heat  should  be  such  as  to  keep  the 
temperature  so  low  as  to  prevent  the  forming  of  slag.  In  any 
ease,  frequent  and  easy  access  should  be  given  for  cleaning. 

I  consider  checker  work  entirely  unsuited  to  the  use  of 
powdered  coal.  It  will  slag  up  and  become  inoperative. 

Effects  of  use  of  powdered  coed  on  the  life  of  furnaces : 
Powdered  coal  is  very  destructive.  This  is  because  of  concen¬ 
trated  heat  of  blow  pipe  tendency,  wearing  effect  due  to  the 
impinging  of  the  coal,  and  tendency  of  the  ash  and  brick  to  flux 
together.  These  objections  are  somewhat  overcome  by  the  use 
of  low  pressure  air  introducing  the  coal  at  a  very  slow  velocity, 
spreading  the  flame  over  as  large  an  area  as  possible,  the  use 
of  brick  having  similar  chemical  tendencies  with  the  ash,  and 
cooling  of  the  brick  work  by  water  circulation.  Much  has  to  be 
learned  in  the  design  of  furnaces  for  this  fuel.  "Where  the  fuel 
blows  against  the  bridge  wall  the  latter  requires  repairing  every 
four  or  six  weeks.  The  roof  stands  somewhat  longer.  Better 
results  in  the  bridge  wall  have  been  obtained  by  circulation  of 
water,  but  there  is  still  chance  for  improvement. 

Economy  in  operation :  The  economy  over  oil  is  established 
and  is  probably  the  one  factor  that  is  making  the  scramble  for 
the  use  of  powdered  coal  so  exciting  at  the  present  time.  I 
have  put  in  systems  to  replace  oil  where  there  has  been  an 
actual  saving  of  60  percent.  This  is  certainly  worth  going 
after.  As  compared  to  producer  gas,  the  manufacturers  of  the 
latter  apparatus  will  bring  forth  many  arguments  in  its  favor, 
but,  with  an  initial  loss  of  20  percent  of  the  sensible  heat  in 
the  manufacture  of  the  gas,  there  is  every  reason  to  believe  that 
powdered  coal  has  the  advantage  where  every  B.  t.  u.  created 
is  projected  directly  into  the  furnace.  There  it  is  expected 
that  equal  economies  will  maintain.  Producer  gas  has  its  place 
where  checker  work  and  ash  troubles  are  objectionable.  Where 
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the  ash  can  he  taken  care  of.  there  seems  to  he  a  saving  by  the 
use  of  coal  amounting  to  about  25  percent. 

Mr.  II.  K.  Harniiurst:*  The  burning  of  coal  in  pulver¬ 
ized  form  has  long  since  passed  from  the  experimental  stage  to 
that  of  practical  use.  The  question  today  is  how  far  this  use¬ 
fulness  is  capable  of  being  extended  and  amplified.  All  the 
known  coals  will  burn  in  this.  form.  Those  with  low  volatile 
components  require  furnaces  of  special  construction  to  fulfil  re¬ 
quirements  of  which  I  will  speak  later. 

Pulverized  coal  may  be  burned  by  either  of  two  methods. 
The  first  of  these  may  be  called  the  long  flame  method.  This 
is  a  progressive  burning  of  the  coal  and  is  used  where  the 
character  of  the  work  and  form  of  furnace  demands  that  the 
flame  shall  be  elongated  so  that  the  ultimate  burning  may  he 
well  within  the  chamber  to  the  end  that  the  heat  mav  be  de- 
veloped  in  close  proximity  to  the  work  done  and  not  conveyed 
by  gases  from  the  initial  point  of  firing. 

This  is  accomplished  by  projecting  the  primary  air,  which 
carries  the  fuel,  into  the  furnace  with  high  velocity.  In  this 
method  the  air  of  projection  would  be  less  than  25  percent  of 
that  ultimately  required.  Additional  air  must  therefore  enter 
from  other  sources  to  supply  that  which  is  necessary.  This 
additional  air  may  or  may  not  be  preheated  in  order  to  assist 
combustion.  If  preheated  by  appropriation  of  waste  heat,  con¬ 
siderable  saving  in  fuel  may  be  effected.  It  has  been  estimated 
that  approximately  four  B.  t.  u.  per  degree  of  preheating  is 
saved  per  pound  of  fuel  fired  when  50  percent  excess  air  is 
admitted. 

Fired  as  described  with  a  high  jet  velocity,  complete  com¬ 
bustion  can  only  be  effected  upon  the  outside  of  the  cloud  of 
fuel  entering  the  furnace.  The  inside  of  this  cloud  is  the  fuel 
with  less  air  mixed  with  it  than  is  necessarv  to  burn  it.  'I'll is 
forms  a  more  or  less  elongated  cone  with  its  base  the  pipe  of  en¬ 
trance.  burning  on  its  surface  as  it  is  rapidly  shot  forward 
with  greater  or  less  rapidity.  This  action  is  affected  also  bv 
the  greater  or  less  intensity  of  the  chimney  draft.  The  action 
is  somewhat  similar  to  the  burning  of  a  candle  where  the  gases 
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evolved  from  the  hydro-carbons  fed  by  the  wick  burn  upon  the 
surface  of  the  gas  body  as  oxygen  obtains  access  to  it.  I  have 
some  doubts,  however,  as  to  the  genuineness  of  the  claim  that 
this  jet  of  entering  fuel  as  described  can  be  effectively  projected 
beyond  a  limited  distance  in  any  particular  direction.  With 
the  rapidly  expanding  air  without  and  within  the  jet,  and  its 
corresponding  reduction  in  specific  gravity,  coupled  with  the 
swirls  and  eddies  of  currents  of  varying  velocities  it  seems  to 
me  that  little  actual  control  can  be  had.  This  air  at  high  ve¬ 
locity  should  however  not  lie  directed  against  the  furnace  walls. 
It  then  is  a  large  and  active  blow  pipe.  Confine  impingement 
1o  the  charge.  Avoid  any  impingement  before  the  combustion 
is  complete. 

The  second  method  involves  a  shorter  flame  and  low  ve 
locity.  This  produces  a  lazy  flame  with  the  least  cutting  action 
upon  the  charge  or  brickwork.  It  consists  in  admitting  the  air 
supply  entire  with  the  coal  at  low  velocity.  Under  this  con¬ 
dition  the  fuel  burns  close  to  the  nozzle  and  develops  through 
Ihe  whole  fuel  cloud  almost  instantly.  The  cone  formed  is  very 
short  in  the  fuel  cloud. 

In  the  long-flame  method  it  is  certainly  possible  to  intro¬ 
duce  with  the  fuel  all  of  the  air  and  excess  air  required  for 
combustion,  and  it  is  probable  that  this  practice  may  prevail 
with  further  developments.  At  present  such  practice  seems  to 
develop  difficulties  in  the  direction  of  cutting  out  the  firebrick. 
Taking  up  say  75  percent  of  the  air  from  a  condition  of  very 
low  velocity  it  acts  as  a  deterrent  or  brake  upon  the  current  of 
high  velocity  due  to  high  pressure,  minimizing  thereby  the  de¬ 
structiveness  of  blow  pipe  conditions.  For  this  reason  I  believe 
that  use  under  the  conditions  of  full  air  supply  at  high  velocity 
is  at  present  premature. 

Many  serious  mistakes  have  been  made  in  attempts  to  burn 
pulverized  fuel  in  the  selection  of  the  wrong  method.  As  a 
matter  of  fact,  however,  the  short-flame  or  second  method  has 
been  the  latest  developed,  and  from  it  may  be  expected  a  vast 
expansion  of  the  field  of  usefulness  of  pulverized  coal. 

The  furnace  requirements  for  pulverized  fuel  are  in  chief: 
Cubical  capacity  for  the  developed  gases  that  low  velocities  b? 
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maintained;  and  provision  for  maintaining  the  entrance  chain 
her  in  such  a  heated  condition  that  deflagrations  shall  1m*  con¬ 
tinuous  and  thorough. 

In  tin*  long-flame  method  the  heat  of  the  burning  fuel  ’s 
not  effective  in  maintaining  the  near-by  walls  at  high  tempera¬ 
ture.  There  must  he  some  appropriation  of  heat  for  this  pur¬ 
pose,  by  the  form  of  the  furnace,  by  outside  accession,  or  by  tie* 
charge  itself  parting  with  its  invested  heat. 

As  influencing  this  “heated-chamber*'  requirement  the  na¬ 
ture  of  the  fuel  has  to  be  considered.  A  coal  with  a  large  per¬ 
centage  of  volatile  hydro-carbons  will  flash  and  burn  more 
promptly  than  where  the  volatile  elements  are  in  low  percentage. 

With  coal  well  dried  and  finely  pulverized,  excellent  firing 
has  been  maintained  with  semi-bituminous  coals  of  22  percent 
volatile  matter,  while  of  course  those  coals  high  in  volatile  com¬ 
bustible  would  give  no  trouble. 

Do  not  understand  me  as  giving  the  impression  that  coal 
lower  than  22  percent  in  volatile  combustibles  cannot  be  burned. 
Far  from  it.  By  a  special  furnace  in  the  construction  of  which 
the  requirements  were  recognized  I  have  burned  pulverized  an 
thracite  coal  of  25  percent  ash,  coke  breeze  at  15  percent  ash, 
and  upon  one  occasion  the  washings  of  coal  intended  for  by¬ 
product  coke  ovens,  where  the  analysis  showed  52  percent  ash. 
The  results  obtained  were  in  terms  of  combustible  and  not  of 
coal  fired. 

Tn  the  preparation  of  pulverized  coal  for  fuel  a  thorough 
drying  is  an  absolute  requirement.  There  should  not  be  ovr 
one  percent  of  moisture  in  the  coal  when  it  goes  into  tin*  fire. 

Moisture  in  the  fuel  has  tin*  effect  of  reducing  tin*  tem¬ 
perature.  This  reduction  will  be  about  40  deg.  Cent,  or  72  deg. 
Fahr.  for  each  one  percent  of  moisture  entrained.  This  cannot 
be  overcome  by  feeding  additional  fuel  with  tin*  same  percentage 
of  moisture.  The  loss  of  heat  is  about  two  percent  for  each 
percent  of  moisture,  but  if  it  be  considered  that  this  loss  applies 
cnly  to  the  usable  heat  above  the  temperature  of  tin*  escaping 
gases,  tin*  loss  must  be  considered  as  increased. 

For  instance  with  a  given  furnace  operated  at  1500  deir 
Cent,  from  which  the  waste  gases  pass  at  000  deg.  there  is  mi 
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appropriation  to  the  work  done  of  600  deg.,  so  that  the  loss 
occasioned  by  five  percent  moisture  or  145  deg.  in  initial  tem¬ 
perature  indicates  nearly  eleven  percent  of  potential  lmat  put 
to  wrong  use. 

The  pulverization  should  not  be  less  than  85  percent  to 
pass  the  200  mesh  screen  test,  and  not  less  than  95  percent  to 
pass  the  100  mesh  test  screen.  At  this  degree  of  Oneness  the 
coal  will  all  burn  suspended  in  its  air  supply.  The  danger  of 
explosion  in  the  use  of  pulverized  fuel  is  negligible,  only  when 
suspended  in  air  will  coal  puff.  A  so-called  explosion  is  simply 
intensified  combustion  and  occurs  only  when  conditions  of  mix¬ 
ture  with  air  enable  this  combustion  to  leap  from  one  particle 
to  another  in  progressions.  This  must  not  be  confounded  with 
the  gas  explosions  in  mines  or  under  similar  conditions.  Even 
then  an  admixture  of  air  is  necessary  to  firing.  1  have  never 
learned  of  such  a  thing  as  explosions  in  mills  during  grinding. 

Spontaneous  combustion  is  possible  when  the  coal  itself, 
before  grinding,  is  subject  to  such  occurrences.  Kecognizing 
the  conditions  leading  to  this  it  is  easy  to  avoid  them.  By  avoid¬ 
ing  a  construction  which  lends  itself  to  pockets  for  old  deposits 
or  deep  bins  with  heavy  pressure  at  bottom,  and  arranging  1o 
have  the  bins  empty  or  nearly  so  when  pulverized  coal  is  kept 
lively  or  moving  in  its  bins  or  conve}rors  it  does  not  fire  spon 
taneouslv.  The  coal  of  itself  does  not  burn  vividly  even  if  set 

afire.  It  onlv  smolders  and  cokes. 

• 

A  proper  mill  to  grind  the  coal  and  proper  appliances  for 
conveying  may  he  had  in  which  leakage  is  especially  guarded 
against.  There  is  no  occasion  for  a  dirty  installation.  It  is 
not  advisable  to  store  pulverized  coal  for  a  long  time,  say  weeks 
or  months,  but  for  a  few  days  with  storage  in  tight  bins  no 
trouble  may  be  expected. 

The  method  of  feeding  has  been  the  subject  of  many  em¬ 
ployed  devices.  In  the  long  flame  method  of  small  volume  and 
high  velocity  it  is  not  very  necessary  to  use  any  especial  means 
of  promoting  the  hoped  for  mixture  of  air  and  fuel;  inasmuch 
as  such  a  mixture,  if  as  preferably  effective  as  its  inventors 
designed  it  to  be.  would  be  simply  a  mixture  of  the  coal  with 
a  fractional  part  of  the  necessary  air,  and  it  would  seem  to  be 
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great  waste  of  time  to  attempt  so  much  for  so  little  result. 

They  all  depend  upon  drawing  the  fuel  into  the  burner 
pipe  by  an  induced  current.  In  no  current  of  air  passing 
through  a  pipe  is  the  velocity  of  the  column  uniform,  conse¬ 
quently  there  are  eddies  and  cross  currents  of  intense  activity, 
and  no  man  could  prevent  these  currents  from  producing  a 
mixture  which  answers  all  purposes. 

When  we  come  to  feed  pulverized  fuel  into  large  pipes  in 
which  the  air  is  passing  at  low  velocity,  another  condition  pre¬ 
sents  itself.  This  may  be  met  by  a  construction  in  which  tin* 
activity  of  the  eddies  and  cross  currents  is  vastly  heightened  so 
that  their  purpose  may  be  accomplished  in  the  relatively  short 
distance  in  which  the  air  and  fuel  travel  together. 

It  is  here  the  proper  practice  to  mix  the  fuel  and  its  air 
at  a  point  quite  close  to  the  furnace  wall,  so  that  as  an  ignit- 
alde  mixture  they  are  moving  rapidly  toward  the  point  where 
deflagration  begins. 

The  long  flame  method  is  that  employed  in  the  cement 
kilns,  and  its  principle  is  well  adapted  to  the  firing  of  open 
hearth  furnaces.  It  is  not  adapted,  however,  to  the  various 
heating  furnaces  nor  to  use  under  boilers.  It  is  here  that  the 
many  mistakes  have  been  made  and  failures  achieved  in  ill 
advised  efforts  to  use  the  long  flame  method  in  situations  when* 
only  the  short  flame  method  can  be  successful.  Merely  keeping 
up  a  fire  with  pulverized  coal  does  not  constitute  success.  Th  * 
result  sought  must  be  accomplished  with  a  higher  ultimate  econ¬ 
omy  to  be  attractive.  As  component  to  this  economy,  fuel  is 
but  an  item  along  with  repairs,  labor  cost  and  quality  of  pro¬ 
duct.  In  the  ultimate  analysis  the  divisor  is  the  product  and 
the  dividend  is  the  sum  of  all  expenses. 

Before  stating  tin*  economic  capabilities  which  I  shall  re¬ 
serve  as  the  conclusion  of  this  paper,  \  desire  to  go  somewhat 
into  the  principles  involved  in  the  correct  operation  of  a  pul¬ 
verized  coal  burning  furnace. 

In  burning  fuel  of  any  sort  air  is  necessary  in  that  it  sup¬ 
plies  the  oxygen  necessary  to  combustion.  The  quantity  of  air 
per  pound  of  fuel  is  well  known.  The  fact  that  the  tempera¬ 
tures  resulting  depend  upon  the  relation  between  the  air  supply 
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and  the  fuel  supply  is  understood.  In  practice,  however,  the 
means  for  establishing  and  maintaining  the  best  conditions  have 
been  crude  and  unsatisfactory.  The  quality  of  the  Coal  varies, 
the  percentages  of  moisture  go  up  or  down  as  may  be,  the  air 
supply  is  varied  by  a  damper.  In  fact  the  damper  seems  to 
have  been  regarded  as  the  final  thing  in  nearly  all  systems  of 
fire  regulation.  It  has  been  a  good  servant.  However,  the  time 
has  come  when  closer  means  assert  themselves  as  necessary  1o 
better  results. 

As  throwing  some  light  upon  this  subject,  I  have  prepared 
a  table  herewith  showing  the  theoretically  attainable  tempera¬ 
tures  due  to  the  combustion  of  carbon.  Beginning  with  such 
an  air  supply  as  will  give  the  oxygen  for  perfect  combustion 
with  no  excess  or  shortage,  the  temperature  is  calculated  to  be 
about  2200  deg.  Cent.  The  table  shows  the  decrease  in  tem¬ 
peratures,  brought  about  by  the  admission  of  excess  of  air  in 
increments  of  ten  percent.  The  chart  laid  out  from  this  table 
shows  that  at  150  percent  excess  air  the  temperature  theoretic¬ 
ally  falls  to  1080  deg.  Cent.  In  an  ordinary  coal  fire,  owing  to 
the  varying  resistances  of  the  fuel  bed,  there  is  surely  a  larger 
variation  in  the  air  supply  in  different  parts  of  the  same  fire. 
This  can  be  seen  in  the  different  intensities.  The  conditions 
cannot  in  the  nature  of  things  be  identical  all  over  the  coal 
bed  on  the  grates,  and  when  new  coal  is  spread  upon  the  in¬ 
candescent  coal  all  the  conditions  are  routed.  Now  with  pul¬ 
verized  coal  each  of  the  millions  of  particles  is  accompanied  by 
its  air  quota.  Not  only  this,  these  conditions  can  be  kept  con¬ 
stant.  The  fuel  supply  is  gauged  by  the  revolutions  per  minute 
of  the  feeding  mechanism  and  is  variable.  The  air  supply  is 
also  under  control  at  known  pressure  and  quantity.  The  draff 
is  also  variable  at  will.  We  feel  that  having  factors  of  control 
at  every  point,  we  have  made  a  great  step  forward  toward  the 
high  efficiencies  pointed  out  by  theory.  As  a  further  factor,  the 
fuel  is  uniform  and  responsive  to  conditions.  From  it  there¬ 
fore  we  are  justified  in  expecting  results  consonent  with  its 
quality  and  heat  potentials. 
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CALCULATED  TEMPERATURES  ATTAINED 

Excess  Air 
Percent 
0 
10 
20 
30 
40 
50 
60 
70 
SO 
90 
100 
110 
120 
130 
140 
150 

There  are  some  conditions,  for  instance  ore  roasting:  or 
nodulizing,  where  it  is  desired  to  maintain  a  constant  condition 
of  operation,  neither  too  high  or  too  low  in  temperature,  in 
order  to  obtain  the  best  results.  Also  in  puddling  or  heating 
it  may  be  advisable  to  push  the  furnace  at  one  period,  and 
simply  hold  the  heat  uniform  at  another  period.  These  are 
conditions  of  operation  which  may  be  thoroughly  met  in  the 
control  which  pulverized  coal  firing  permits. 

Now  for  the  mechanism  by  means  of  which  all  these  resulis 
may  be  accomplished.  I  will  state  them  briefly,  with  the  obser¬ 
vation  first  that  an  installation  must  necessarily  depend  upon 
the  size  of  the  plant  and  the  quantities  handled. 

Assuming  that  the  coal  is  unloaded,  we  pass  it  through  a 
crusher  to  reduce  the  lumps. 

Pass  it  over  a  magnetic  separator  to  take  out  iron  sera]) 
which  may  be  there. 

Elevate  it  to  dryer  bins. 

Feed  it  evenly  to  a  dryer  of  proper  capacity  which  delivers 
it  to  an  elevator  pit. 

Elevate  it  to  the  bins  over  the  pulverizers. 

Feed  it  evenly  to  the  pulverizers  from  the  bins. 


IN  BURNING  CARBON 
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Moisture  not  considered. 
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Pulverize  it  to  at  least  85  percent  through  the  200  mesh 
and  95  percent  through  the  100  mesh  screen.  At  this  fineness 
all  the  coal  will  burn  perfectly. 

Elevate  it  to  a  pulverized  coal  bin. 

Distribute  it  to  the  individual  bins  over  each  point  of  use. 

Feed  it  from  the  bins  to  the  burners. 

Project  it  into  the  furnace  with  a  fan  blast  where  it  is 
burned. 

The  story  is  not  complete  without  speaking  of  the  ash,  tip* 
most  of  which  goes  up  the  chimney.  The  balance,  a  small  per¬ 
centage,  depends  upon  the  furnace.  Where  ash  is  removed 
promptly  the  tendency  to  coke  and  stick  is  reduced.  In  pud¬ 
dling  and  heating  furnaces  it  combines  with  slag.  It  has  given 
very  little  trouble  in  the  checker  work  of  open  hearth  furnaces. 
In  boiler  furnaces  we  preferably  take  care  of  it  through  a 
hopper  bottom.  There  appears  to  be  no  difficulties  at  this  point 
that  cannot  be  overcome  by  proper  provision. 

Regarding  its  effect  upon  the  brickwork,  there  is  no  mor“ 
effect  than,  would  arise  from  similar  heat  from  grate  coal,  or  oil 
firing.  The  furnace  control  and  uniformity  of  results  in  all 
parts  of  the  furnace  reduces  in  a  marked  degree  the  necessity 
of  over  driving,  from  which  brick  troubles  may  arise.  These 
troubles  are  at  a  minimum  with  short  flame  firing,  and  the  at¬ 
tendant  low  velocities.  As  with  gas-firing,  the  effect  upon  th? 
brick  work  confine  themselves  to  points  where  the  path  of  the 
gases  is  diverted,  as  through  vertical  ports  from  horizontal 
passages. 

The  cost  of  preparing  the  fuel  depends  upon  the  quantitv 
handled,  the  cost  of  dryer  fuel  and  the  cost  of  the  power  neces¬ 
sary  for  operating.  I  cannot  give  flat  figures  for  this  prepa¬ 
ration.  The  fuel  used  for  drying  the  coal  depends  upon  the 
moisture  to  be  driven  off,  one  pound  of  coal  evaporating  abouv 
six  pounds  of  moisture  in  a  properly  constructed  dryer.  One 
man  delivers  the  coal  to  a  dryer  of  six  or  eight  tons  hourly 
capacity,  and  looks  after  its  operation.  One  man  can  operate 
mills  capable  of  grinding  the  same  amount  of  coal  and  deliver¬ 
ing  it  finished  in  the  bins.  The  repairs  of  dryer  and  mills  will 
be  less  than  two  cents  per  ton.  The  power  for  these  operations. 
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including  conveying  and  elevating,  will  be  about  17  li.  p.  per 
ton  of  product  per  hour. 

Due  to  the  fact  that  all  of  the  heating  value  of  the  fuel  is 
developed,  serious  economies  have  become  manifest,  over  those 
attainable  with  raw  coal  firing  or  producers. 

In  continuous  furnaces  for  heating  billets,  24  percent  has 
been  saved. 

In  open  hearth  producer  gas  fired  furnaces  30  to  35  per¬ 
cent  of  coal  has  been  saved. 

In  puddling  furnaces  33  to  50  percent  has  been  shown  in 
improved  furnaces. 

In  heating  and  bushelling  furnaces  20  to  25  percent  of  find 
is  saved. 

Those  figures  from  authentic  sources  certainly  appear  to 
afford  large  ground  for  the  assumption  that  pulverized  coal  has 
“made  good’’  and  has  come  to  stay  with  us  in  our  efforts  to 
ward  the  best  form  of  conservation  of  natural  resources. 

The  following  statement  is  from  the  attached  performance* 
of  various  type  of  furnaces  with  pulverized  coal: 

Continuous  Furnace,  heating  steel  billets  5  in.  by  7  in.  bv  14  it. 
in  a  furnace  10  ft.  wide: 

Pulverized  coal  per  ton  of  billets,  168  pounds. 

Air  preheated,  550  to  800  deg.  Fahr. 

Former  requirement  for  hand  fired  coal,  220  lb.  per  ton. 

Open  Hearth  Furnace  including  heating  up  the  furnace: 

One  record  showed  an  average  of  648  lb.  of  coal  per  gross  ton  of 
steel  in  39  heats  in  a  35  ton  furnace. 

Another  record  showed  a  consumption  of  600  000  lb.  of  coal  making 
1205  gross  tons  of  steel  in  45  heats  in  a  30  ton  furnace,  or  about 
500  lb.  of  coal  per  ton  of  steel. 

Puddle  Furnace  operating  2  turns  in  summer  months: 

Air  preheated  about  500  deg.  Fahr. 

Average,  1230  lb.  of  coal  per  gross  ton  of  steel. 

Same  furnace  operating  3  turns  in  March : 

Average,  934  lb.  of  coal  per  gross  ton  of  steel. 

Same  furnace  operating  with  cold  blast: 

Average,  1450  to  1525  lb.  of  coal  per  gross  ton  of  steel. 

Heating  Furnace  for  12  in.  mill : 

Average,  535  lb.  of  coal  per  gross  ton  of  steel. 

Heating  Furnace  for  16  in.  mill: 
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Average,  518  lb.  of  coal  per  gross  ton  of  steel. 
Busheling  Furnace  for  16  in.  mill: 

Average,  542  lb.  of  coal  per  gross  ton  of  steel. 
Fagotting  Furnace  for  16  in.  mill: 

Average,  530  lb.  of  coal  per  gross  ton  of  steel. 

The  above  figures  all  include  coal  used  in  firing  up. 


ESTIMATED  COST  OF  DRYING  AND  PULVERIZING  200  TONS  OF  COAL 

Delivered  in  bins  with  varying  cost  of  drying  fuel  and  power  based 
upon  price  of  coal  noted  and  10  percent  moisture  in  coal. 


Price  of  Coal  per 

2240  lb. 

_ A _ 

Cost  per  H.  P.  per 

annum  300  days  24 
hrs. 

Cost  per  H.  P.  per 

day  24  hrs. 

Dryer  Fuel 
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Repair  and  Supplies 
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Mr.  James  W.  Rawlins:*  The  plant  of  the  Canadian  Cop¬ 
per  Company  at  Copper  Cliff,  Ontario,  is  the  only  place  where 
pulverized  coal  has  been  used  successfully  and  continuously  for 
firing  reverberatory  furnaces.  Attempts  of  an  experimental 
nature  have  been  made  at  various  other  plants,  notably  at  the 
Highland  Bay  by  Sorensen,  and  at  Cananea  by  Shelby,  about 
six  or  seven  years  ago,  but  while  these  demonstrated  that  pul¬ 
verized  coal  firing  was  possible  and  possessed  several  important 

♦Assistant  Smelter  Superintendent,  Canadian  Copper  Co.,  Copper  Cliff, 
Ont.,  Canada. 
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advantages  over  the  usual  method,  still  coal  dust  firing  has  noi 
yet  superceded  the  original  practice. 

There  are  two  reverberatory  furnaces  in  use  at  Copper 
Cliff,  each  being  1!)  ft.  wide  by  112  ft.  long.  The  roof  is  abouf 
4  ft.  6  in.  above  the  surface  of  the  bath  of  molten  matter  and 
slag.  The  material  charged  consists  of  about  85  percent  cal¬ 
cined  ore  and  15  percent  flue  dust.  These  furnaces  were  put 
in  commission  nearly  two  years  ago  and  no  other  system  of 
firing  has  ever  been  used,  hence  no  comparisons  from  experience 
gained  here  can  be  made.  The  dust  firing  has  given  practically 
no  trouble  since  the  furnaces  were  started.  When  both  furnaces 
are  in  operation  about  140  tons  of  pulverized  coal  are  burned 
daily. 

One  of  the  most  serious  difficulties  encountered  at  Cananea 
was  the  accumulation  of  the  coal  ash  in  the  flues.  This  was  so 
bad  as  to  practically  choke  the  flues  after  about  three  days 
running.  When  we  first  started  our  furnaces,  we  experienced 
a  small  amount  of  trouble  from  the  same  source,  but  it  never 
was  so  serious  as  in  the  case  mentioned.  This  may  be  partly 
due  to  the  character  of  the  coal  we  use.  An  average  analysis 
covering  a  period  of  12  months  is  as  follows: 

Volatile  Material .  38.75 

Fixed  Carbon  . .  52.80 

Ash .  8.45 

Sulphur .  2.05 

HjO .  2.00  to  3.00 

B.  T.  U .  13,600 

The  ash  in  this  coal  is  verv  much  lower  than  that  in  the 

•/ 

coal  used  by  Shelby,  and  would  naturally  cause  less  trouble 
A  small  amount  of  ash  always  sticks  at  the  throat  of  the  furnace 
and  fuses  there,  part  of  it  running  back  into  the  bath  and  part 
remaining  and  tending  to  block  up  the  flue.  This  is  barred  oT 
once  every  24  hours  without  interfering  with  the  operation  of 
the  furnace.  About  400  or  500  lb.  of  fine  ash  also  collects  on 
the  floor  of  the  flue  over  a  distance  of  about  15  ft.  back  from 
the  throat.  This  is  drawn  out  once  each  day  by  means  of  hoes, 
through  the  side  doors  in  the  flue.  This  condition  is  maintained 
by  burning  so  much  coal,  (or  doing  what  has  the  same  effect. 
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restricting  the  air  supply  at  the  bridge  wall)  that  ignition  is 
not  complete  until  tin*  throat  is  reached.  The  draft 'may  also 
he  of  some  importance.  The  suction  at  the  throat  is  equivalent 
to  about  one  inch  of  water. 

Besides  the  ash  which  collects  in  the  flue  and  at  the  throat, 
there- is  also  some  carried  up  the  stack,  but  the  greater  portion 
undoubtedly  settles,  on  the  bath  and  becomes  part  of  the  slag. 
So  far,  however,  this  has  not  caused  any  trouble.  The  slag  at 
present  made  is  quite  basic  in  character,  running  about  30  per¬ 
cent  silica,  and  is  probably  better  suited  to  combine  with  tie* 
coal  ash  than  one  higher  in  silica  would  be.  Next  year  we  ex 
peet  to  make  a  slag  running  36  or  38  percent  silica  and  antici¬ 
pate  trouble  from  this  source  then.  The  ash  contains  about  20 
to  22  percent  alumina  and  35  percent  silica. 

Another  trouble  mentioned  by  Shelby  is  the  deposition  of 
carbon.  We  have  never  seen  any  evidence  of  this. 

The  coal  is  blown  into  each  furnace  through  five  burners 
at  the  bridge  wall.  These  are  five  inches  in  diameter  and  poim 
horizontally  into  the  furnace  about  one  foot  above  the  surface 
of  the  bath.  The  pulverized  coal  is  fed  from  60-ton  storage 
bins  in  the  rear  of  each  furnace  by  means  of  a  screw  conveyor 
and  falls  in  front  of  the  air  blast  about  two  feet  outside  the 
furnace  wall.  Low  pressure  air  is  supplied  by  two  No.  8 
Sturtevant  blowers  running  about  1500  r.  p.  m.,  giving  about 
eight  ounces  pressure  between  the  fan  and  the  burner.  Tim 
speed  of  the  screw  conveyor  can  be  varied  from,  about  15  r.  p.  m. 
to  40  r.  p.  m.  The  speed  usually  employed  is  from  30  to  35 
r.  p.  m.,  which  will  feed  70  to  75  tons  per  24  hours  into  the 
furnace. 

The  amount  of  solid  charge  smelted  in  24  hours  is  from 
350  to  400  tons,  so  that  one  ton  of  coal  smelts  about  5  tons 
charge.  This  compares  very  favorably  with  results  obtained 
at  Western  plants,  where  other  systems  of  firing  are  used.  Oil 
firing  seems  to  have  a  greater  efficiency.  At  one  plant  an 
equivalent  of  6.6  tons  charge  per  ton  of  coal  is  put  through, 
but  the  cost  of  oil  is  so  much  greater  for  equal  quantities  of 
heat  units  that  the  extra  efficiency  is  more  than  off-set  by  tin* 
higher  cost  of  the  fuel. 
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It  might  also  be  pointed  out  that  we  are  at  present  re¬ 
constructing  one  of  our  furnaces.  The  roof  at  the  bridge 
wall  end  is  being  raised  to  about  7  ft.,  6  in.  to  permit  of  burn¬ 
ing  a  larger  amount  of  coal  near  the  bridge  wall,  and  the  flue 
is  being  somewhat  enlarged  to  take  care  of  the  increased 
quantity  of  the  products  of  combustion.  The  bottom  is  also 
being  changed  from  an  inverted  arch  to  a  flat  one.  It  is  con¬ 
fidently  expected  that  when  this  furnace  goes  into  commission, 
we  will  be  able  to  smelt  6  tons  charge  per  ton  of  coal. 

The  temperatures  obtained  vary  from  1540  deg.  Cent,  at 
the  hottest  point  of  the  furnace  near  the  bridge  wall  to  1200 
at  the  skimming  door.  The  matte  melts  at  about  900  deg.  Cent, 
and  the  slag  at  about  1100,  so  that  a  good  excess  temperature 
is  obtained. 


When  skimming,  a  crust  forms  over  the  surface  of  the  slag 
near  the  flue  end,  due  to  the  chilling  effect  of  the  air  drawn  in 
through  the  skimming  door,  but  there  is  never  any  difficulty  in 
running  the  slag  off.  The  crust  is  quite  thin  and  the  slag 
is  perfectly  liquid  below. 


Method  of  Grinding  the  Coal :  The  coal  is  first  broken  to 
about  one  inch  by  a  Jeffrey  coal  cracker,  having  a  capacity  of 
about  17  tons  per  hour.  It  is  then  passed  through  a  Ruggles- 
Coles  rotary  drier  33  ft.  long,  from  which  it  discharges  into  a 
conveyor  and  thence  to  an  elevator  and  storage  bins.  These 
bins  are  behind  and  above  three  Raymond  4-roller  pulverizers. 
It  has  been  found  that  to  get  the  best  results  in  the  pulver¬ 
izers,  t he  material  should  be  quite  dry.  Damp  coal  cuts  the 
capacity  considerably  and  it  also  tends  to  pack  and  hold  up  in 
the  bins.  There  is  also  the  loss  due  to  the  high  temperature 
to  which  the  vaporized  water  lias  to  be  raised  in  the  furnace. 
The  drier  is  coal  fired  and  about  one  percent  of  the  weight  of 
the  coal  dried  is  required  as  fuel.  Each  pulverizer  is  driven 
by  a  75  h.  p.  motor  which  also  operates  the  fan  which  draws  the 
coal  dust  from  the  pulverizer,  when  fine  enough,  and  deposits 
it  in  a  collector  at  the  top  of  the  building.  From  the  collector 
the  fine  dust  is  conveyed  by  a  spiral  conveyor  to  the  storage 
bins  behind  the  furnaces.  All  parts  of  the  system  which 
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handles  the  fine  coal  are  tightly  enclosed,  and  there  is  practi¬ 
cally  no  leakage  of  dust. 

The  storage  bins  behind  the  furnaces,  as  already  stated, 
hold  about  60  tons  each.  The  pulverized  coal  has  lain  for  as 
long  as  two  weeks  at  a  time,  while  a  furnace  has  been  down  for 
repairs,  and  so  far  we  have  had  no  explosions  under  any  con¬ 
ditions.  It  will,  however,  take  fire  very  readily,  but  as  the 
bins  and  all  parts  of  the  building  are  of  steel,  this  has  caused 
no  damage  and  the  fires  have  been  easily  extinguished. 

A  recent  screen  test  showed  the  size  of  the  ground  coal  1o 


be  as  follows: 

Thru  60  mesh .  all 

On  80  mesh .  3.20% 

On  100  mesh .  6.00% 

On  200  mesh .  56.00% 

Thru  200  mesh .  34.80% 


100.00% 


With  this  degree  of  fineness  we  are  able  to  get  very  rapid 
combustion.  The  bulk  of  the  coal  is  burned  very  close  to 
the  bridge  wall,  but  the  mixture  of  coal  and  air  is  so  adjusted 
that  some  flame  always  carries  down  to  the  throat  of  the  furnace. 
This  is  perfectly  under  control  and  we  could,  if  desirable,  carry 
on  the  combustion  so  that  the  flame  would  not  extend  much  be¬ 
yond  half  way  down  the  furnace.  This,  however,  would  leave 
the  skimming  end  of  the  furnace  too  cold  and  would  at  once 
cause  trouble  from  the  ash. 

The  cost  of  crushing,  drying  and  pulverizing  the  coal  and 
feeding  it  into  the  furnaces  has  averaged  for  the  past  five 
months  40  cents  per  ton.  This  figure  includes :  Labor,  power, 
coal  for  drying  and  repairs.  The  repair  costs  are  rather  high, 
being  about  10  cents  per  ton.  The  chief  wearing  parts  are  the 
plows,  the  rollers,  the  fans  and  the  conveyors. 

The  chief  advantages  of  using  coal  dust  firing  as  enumer¬ 
ated  by  Sorensen  in  an  article  in  the  Engineering  &  Mining 
Journal,  February  10th,  1906,  are: 


First : 
grating. 

Second : 


The  action  is  continuous;  there  are  no  stops  for 
The  beat  generated  is  uniform  and  steady. 
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Third:  Combustion  is  complete  at  all  times. 

Fourth  :  Combustion  is  rapid  and  concentrated  and  there¬ 
fore  productive  of  high  temperature. 

Fifth :  Combustion  takes  place  where  the  beat  is  most 
wanted. 

Our  experience  fully  bears  this  out,  and  with  the  grade 
of  coal  which  we  use,  we  have  completely  overcome  the  ash 
troubles  which  some  of  the  early  experimenters  found  so  great. 

Mr.  E.  W.  Shinn  :*  About  10  years  ago  Mr.  John  Y.  Culli- 
nev,  superintendent  of  the  American  Iron  &  Steel  Mfg.  Co.  at 
Lebanon.  Pa.,  started  to  experiment  with  powdered  coal  in  con¬ 
nection  with  puddling  and  heating  furnaces.  After  two  years 
of  work  in  this  line  he  perfected  the  system  now  used  at  their 
plant,  and  which  has  been  operating  successfully  for  over  eight 
years.  This  is  the  first  rolling  mill  in  this  country  to  operate 
furnaces  successfully,  using  powdered  coal  as  fuel. 

When  we  stop  to  consider  that  the  advantage  of  burning 
powdered  coal  has  been  known  for  the  last  30  years,  we  wonder 
why  it  is  only  now  becoming,  a  subject  for  discussion.  I 
understand  that  it  was  used  years  ago  by  the  Oliver  Iron  Works 
on  the  South  Side  Pittsburgh  in  puddling  furnaces,  but  evident¬ 
ly  with  indifferent  success,  as  its  use  was  abandoned. 

Previous  to  the  successful  application  at  Lebanon,  millions 
of  dollars  had  been  lost  in  experiments  to  burn  powdered  coal  in 
furnaces,  boilers  and  locomotives.  It  has,  however,  been  used 
with  good  results  in  cement  kilns  for  years,  but  here  the  only 
requisite  is  high  temperature. 

Mr.  Culliney  found  that  four  necessary  conditions  must 

%r 

exist  before  powdered  coal  can  be  economically  burned : 

First :  The  coal  must  be  thoroughly  dry. 

Second.  It  must  be  finely  pulverized. 

Third.  The  feed  must  be  uniform. 

Fourth.  The  pressure  must  lu*  right. 

lie  was  one  of  the  first  to  realize  the  necessity  of  drying 

%f  %r  C* 

tlie  coal;  up  to  this  time  the  coal  had  been  merely  air  dried  and 
fine  grinding  in  this  condition  is  impossible.  Damp  coal  can 

*Chief  Engineer,  Quigley  Furnace  and  Foundry  Co.,  Springfield,  Mass. 
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be  burned  in  a  cement  kiln  or  under  a  boiler,  but  cannot  be 
burned  successfully  in  a  furnace  where  absolute  regulation  of 
heat  is  necessary.  Moisture  in  the  coal  tends  to  lower  the 
flame  temperature,  and  at  the  same  time  makes  the  working  of 
the  furnace  more  or  less  subject  to  weather  conditions.  But 
the  greatest  disadvantage  resulting  from  dampness  is  the  tend¬ 
ency  of  the  infinitesimal  particles  of  coal  to  adhere  and  form 
little  balls  which  greatly  reduce  the  surface  exposed  to  the  action 
of  the  oxygen  of  the  air,  causing  incomplete  combustion  and 
smoke.  Great  care  is  necessary  in  drying  the  coal  properly  in 
order  to  prevent  its  becoming  too  hot,  which  may  render  it  unlit 
for  use.  The  highest  moisture  content  one  is  liable  to  encounter 
is  about  15  percent,  with  an  ordinary  minimum  of  about  1.5 
percent.  The  coal  should  be  dried  to  about  0.5  or  1.00  percent, 
if  possible.  To  dry  coal  containing  15  percent  of  moisture  re¬ 
quires  about  two  pounds  of  coal  per  100  lb.  dried.  If  the 
moisture  is  less  than  15  percent  the  coal  required  for  the  dry¬ 
ing  process  is  correspondingly  less.  Fine  grinding  is  another 
requisite,  and  after  the  coal  is  dried  it  should  be  ground  so  that 
90  to  95  percent  will  pass  a  100  mesh  screen  and  about  80  to 
85  percent  will  pass  a  200  mesh  screen.  It  has  been  possible  to 
pulverize  coal  in  commercial  quantities  ever  since  the  cement 
industry  started,  over  thirty  years  ago,  as  clinker  has  to  be 
pulverized  to  the  same  fineness  that  is  essential  for  podwered 
coal. 

One  of  the  greatest  troubles  heretofore  experienced  was  in 

feeding  the  coal  uniformly,  and  Mr.  Culliney  imported  burners. 

or  as  we  call  them,  controllers,  from  Germany,  France  and 

Canada,  and  tried  out  half  a  dozen  kinds  made  in  the  United 

States,  but  did  not  find  one  that  would  give  satisfactaion.  A 

number  of  burners  were  also  developed  and  tried  out  by  the 

men  in  his  own  plant  where  everybody  took  a  hand  at  it,  as  the 

burning  of  powdered  coal  looked  so  simple,  but  it  was  not  until 

Mr.  Culliney  hit  upon  the  present  return  screw  or  double  worm 

controller  that  a  satisfactorv  result  was  obtained.  This  con- 

«/ 

troller  has  worked  satisfactorily  for  the  past  eight  years  on  all 
kinds  of  furnaces,  from  puddling  and  heating  furnaces  down 
to  small  bolt  fires.  It  is  absolutely  fool-proof  and  will  not  clog 
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up  or  get  out  of  order  through  the  negligence  of  the  workmen. 

When  powdered  coal  was  first  tried  on  furnaces  the  air 
used  was  high  pressure  air  from  60  to  100  lb.  per  sq.  in.  This 
causes  high  temperatures  in  the  furnace  at  certain  points  and 
excessive  wear.  The  heat  was  poorly  distributed  and  the  com¬ 
bustion  incomplete,  and  such  pressures  were  found  to  be  abso¬ 
lutely  unsuited  to  furnace  work.  It  took  a  good  deal  of  ex- 
experimenting  before  the  present  low  pressures  wrere  finally 
adopted  and  found  to  give  the  best  results.  Two  pressures  are 
used,  the  higher  one  for  blowing  the  coal  into  the  furnace, 
depending  on  the  distance  of  the  controller  from  the  furnace, 
the  lower  pressure  supplying  the  air  for  combustion  and  the 
quantity  being  regulated  to  suit  the  amount  of  coal  to  be 
burned. 

About  a  year  ago  the  company  with  which  I  am  connected 
entered  the  powdered  coal  field  and  has  commercialized  the  sys¬ 
tem,  as  developed  and  perfected  by  the  American  Iron  &  Steel 
Mfg.  Co.,  and  has  installed  a  number  of  complete  powdered  coal 
milling  and  burning  plants.  They  have  three  operating  at  the 
present  time,  and  have  four  more  under  construction. 

Mr.  Culliney  found  among  other  things,  after  he  was  able 
v  to  burn  powdered  coal,  that  he  cound  not  store  it  in  any  quan¬ 
tity  for  any  length  of  time  without  danger  of  spontaneous  com¬ 
bustion.  He  has  had  trouble  with  the  coal  igniting  in  the 
bins  at  the  furnaces  when  the  latter  were  shut  down  for  a  week 
or  so  during  the  hottest  summer  weather.  There  have  been  no 
explosions,  the  coal  occasionally  starting  to  burn  spontaneously 
and  continuing  to  do  so  until  the  bins  were  emptied,  or  in  case 
of  small  fire,  the  furnaces  were  run  until  burned  portion  passed 
through  the  controller,  as  if  nothing  had  happened,  there  being 
no  outward  evidence  of  a  fire  inside. 

In  regard  to  explosions  would  say  that  powdered  coal  is 
much  safer  than  oil  or  natural  gas,  as  a  leak  is  at  once  detected 
by  the  eye,  and  the  trouble  can  be  remedied  immediately.  The 
entire  system  from  the  point  where  the  coal  is  dried  to  the 
bins  at  the  furnaces  is  entirely  enclosed,  rendering  the  system 
absolutely  dust  tight.  The  bins  and  conveying  system  contain 
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but  a  small  quantity  of  air,  and  an  explosion  is  absolutely  im¬ 
possible  in  a  well  designed  plant. 

It  has  also  been  found  that  a  large  powdered  coal  bin  js 
required  at  the  furnace  to  obviate  any  possible  chance  of  a 
shut-down  in  case  a  motor  burns  out  on  the  conveying  system 
or  a  break-down  occurs  in  the  coal  milling  plant.  The  bins  are 
made  large  enough  to  run  the  furnaces  from  14  to  24  hours, 
and  as  they  are  filled  every  12  hours,  there  is  always  an  ample 
storage  supply  at  each  furnace.  There  have  been  cases  when 
it  required  10  hours  to  make  a  general  repair,  but  the  heating 
and  puddling  furnaces  were  able  to  run  through  without  a 
shut-down. 

The  American  Iron  &  Steel  Mfg.  Company  is  now  burning 
140  tons  of  -  powdered  coal  per  day  at  their  Lebanon  plant 
and  70  tons  per  day  at  their  Reading  plant,  giving  this  Com¬ 
pany  the  distinction  of  having  the  largest  pulverized  coal 
furnace  equipment  in  the  world. 

They  are  using  it  on  puddling  and  heating  furnaces  as 
well  as  on  bolt  and  nut  furnaces.  On  the  puddling  furnaces 
they  have  been  able  to  reduce  the  coal  consumption  from  about 
2200  to  2300  lb.  per  ton  of  iron  with  hand  fired  furnaces  to  about 
1200  lb.  per  ton  of  iron  with  powdered  coal  fired  furnaces.  In 
their  heating  furnaces  they  have  reduced  the  coal  consumption 
from  900  lb.  per  ton  of  iron  to  550  lb.  per  ton.  In  the  small 
furnaces  where  fuel  oil  was  formerly  used  the  saving  is  consider¬ 
ably  more,  as  the  fuel  is  on  the  basis  of  1.5c  per  gallon  of  oil. 

"When  we  consider  that  we  waste  half  of  the  coal  in  hand 
fired  furnaces  and  from  20  to  40  percent  of  the  coal  if  gas 
producers  are  used,  it  is  about  time  that  a  method  of  burning 
coal  were  adopted  where  the  entire  heat  value  of  the  coal  is 
utilized  in  the  furnace,  where  it  is  wanted.  When  using  pow¬ 
dered  coal  the  furnace  becomes  a  continuous  gas  producer  of 
100  percent  efficiency,  as  far  as  the  generation  of  heat  is  con¬ 
cerned,  and  it  is  my  opinion  that  the  days  of  the  ordinary  gas 
producers  are  numbered,  and  it  will  be  but  a  few  years  before 
their  use  will  be  entirely  discontinued,  except  for  low  volatile 
and  for  anthracite  coals. 

Besides  showing  these  large  savings  in  quantity  of  fuel 
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burned,  the  fact  that  the  furnaces  are  smokeless  must  not  be 
overlooked,  as  in  the  neighborhood  of  large  cities  this  one  con¬ 
sideration  is  getting  to  be  of  such  importance  that  plants  will 
be  compelled  to  use  powdered  coal  for  this  reason  alone.  Powder¬ 
ed  coal  burns  like  gas,  in  fact  to  look  at  it  burning  in  a  furnace 
one  would  not  know  the  difference,  and  it  can  be  turned  up  and 
down  at  will,  and  the  quantities  of  air  and  coal  changed  to 
•  suit  conditions,  making  it  very  flexible  and  easy  to  control. 

In  order  to  show  the  savings  made  possible  by  the  use  of 
powdered  coal,  we  are  installing  a  plant  in  connection  with 
open  hearth  furnaces,  which  are  now  using  oil  as  fuel,  where 
a  $32  000  investment  will  save  $100  000  per  year,  also  a  plant 
in  a  tube  works,  now  using  anthracite  coal,  where  a  $43  000 
investment  will  save  $70  000  per  year.  As  the  savings  are  a 
a  percentage  of  the  coal  used,  it  is  harder  to  show  a  large  saving 
in  the  Pittsburgh  District  on  account  of  the  low  price  of  coal, 
than  it  is  either  East  or  West  of  here. 

In  regard  to  the  kind  of  coal  best  suited  for  use  in 
powdered  coal  furnaces,  it  must  be  a  bituminous  or  gas  coal, 
having  a  gas  content  sufficient  to  gasify  the  fixed  carbon.  The 
higher  the  moisture  content,  the  more  trouble  to  eliminate  it 
entirely,  and,  of  course,  it  will  require  more  fuel  at  the  dryer. 

While  lignite  has  never  been  tried  to  my  knowledge,  I  feel 
confident  that  it  can  be  successfully  burned.  Anthracite,  how¬ 
ever,  is  entirely  out  of  the  question,  as  it  cannot  be  lighted. 
It  might  be  burned  in  a  hot  furnace,  but  an  outside  source  would 
have  to  be  provided  to  gasify  it.  It  is  absolutely  necessary  to 
dry  the  coal,  as  the  moisture  absorbs  the  heat  from  the  volatile 
which  is  necessary  to  gasify  the  fixed  carbon.  When  moisture 
is  present  it  is  almost  impossible  to  get  complete  combustion 
without  a  large  excess  of  air,  which  means  a  low  temperature 
and  low  efficiency. 

At  the  plant  of  the  American  Iron  &  Steel  Mfg.  Co.  the 
smallest  furnace  using  powdered  coal  is  18  in.  wide  by  36  in. 
long,  and  requires  about  40  lb.  of  coal  per  hour.  We  are  at 
present  using  powdered  coal  on  a  bolt  heating  furnace  only  9  iu. 
wide  by  4  ft.  long,  and  also  on  flanging  furnaces,  the  largest 
being  15  ft.  square. 
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Better  results  are  obtained  in  high  temperature  than  in 
low  temperature  furnaces,  as  powdered  coal  needs  a  high  tem¬ 
perature  to  gasify  the  fixed  carbon.  When  the  volatile  is  driven 
off,  the  remainder  is  in  the  form  of  very  fine  coke.  This  was 
demonstrated  at  the  Government  Testing  Plant  here  a  few  years 
ago,  when  the  members  of  this  Society  witnessed  an  imitation 
mine  explosion  in  which  200  lb.  of  powdered  coal  was  ignited 
by  a  charge  of  black  powder.  The  residue  was  very  fine  coke. 
This  coke  requires  considerable  heat  to  insure  rapid  and  com¬ 
plete  combustion.  It  is  therefore  difficult  to  operate  a  furnace 
at  low  temperature  unless  the  furnace  is  designed  particularly 
for  this  purpose. 

The  cost  of  pulverizing  coal  depends  on  the  size  of  the 
plant.  On  a  five  ton  per  hour  plant  about  100  h.  p.  is  necessary 
to  operate  the  machinery. 

COST  OF  PULVERIZING  COAL 
10  Hour  Turn. 

100  h.  p.  at  lc  per  hour  per  h.  p.  . .  $10.00 

1  man  at  $2.00  per  day .  2.00 

1  man  at  $3.00  per  day .  3.00 

2000  lb.  of  coal  at  dryer  at  $2.00 . .  2.00 

Waste  and  repairs .  3.00 


$20.00 

50  tons  milled 
Conveying  to  Furnaces’. 

1  man . $  2.50 

Power,  15  h.  p.  at  lc .  1.50 


$  4.00 

for  50  tons 


Total  cost  of  milling  and  conveying 


40  cents  per  ton 


8  cents  per  ton 


48  cents  per  ton 


Mr.  Arthur  S.  Mann  :*  Our  first  furnace  for  burning 
powdered  coal  was  intended  for  general  forge  purposes.  We 
had  to  make  some  alterations  in  the  early  design,  but  after  a 
few  trials  found  no  difficulty  in  reaching  high  temperatures. 
The  pyrometer  recorded  2700  degrees,  and  had  not  the  limit  of 
the  instrument  been  reached  the  reading  would  have  been  still 

^Engineer,  General  Electric  Company,  Schenectady,  N.  Y. 
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higher.  That  furnace  has  been  in  service  ever  since  July  7th 
of  this  year,  and  gives  us  any  heat  usual  in  forge  work. 

It  so  happened  that  our  beginning  was  made  on  a  side  of 
the  shop  where  high  speed  tool  steel  is  heated,  and  after  this 
lirst  general  furnace  was  built  our  problem  for  new  work  be¬ 
came,  not  to  get  hot  fires,  but  how  to  get  very  moderate  ones, 
some  of  which  were  kept  at  2100  deg.  Fahr.  all  day,  and  all 
over;  others  must  have  1200  deg.,  so  that  billets  could  be  pre¬ 
heated  and  soaked  indefinitely  without  scaling.  The  2100  degree 
furnace  presented  no  special  difficulties,  but  1200  degrees  is  not 
easy  in  a  plain  chamber. 

The  problem  was  solved  by  burning  the  coal  in  a  circular 
fire  box,  with  tangential  entrance,  built  upon  the  roof  of  our 
furnace.  This  box  is  small,  having  not  over  one-fortieth  the 
main  furnace  volume,  with  a  restricted  outlet  through  the  arch 
proper.  Temperature  can  be  high  in  such  a  box  and  coal  quan¬ 
tities  small,  so  that  almost  any  low  heat  can  be  carried  in  the 
furnace.  Slag  forms  to  be  sure,  but  drops  cold  to  the  hearth 
and  is  hauled  out  with  a  hoe. 

I  some  cases  we  have  found  it  necessary  to  burn  the  coal 
only  partially  at  the  tuyere,  forming  a  certain  portion  of  CO 
gas  and  completing  combustion  at  the  very  door  with  an  apron 
of  combustion  air.  This  applies  particularly  to  rather  short 
pieces  of  steel  when  we  are  willing  to  be  cold  at  the  back  of  the 
chamber  and  save  that  much  coal. 

Our  ash  does  slag  at  high  temperatures,  and  while  it  is  not 
more  objectionable  on  the  steel  than  scale  which  comes  from  an 
oil  fire,  we  are  aiming  to  change  its  form.  We  used  the  hoe 
alone  for  the  first  month,  trying  various  fluxes,  feldspar,  cast 
iron,  etc.,  to  make  slag  less  viscous.  Lately  one  of  our  chem¬ 
ists  has  proposed  magnesite,  and  this  promises  well,  though  our 
experience  has  been  too  short  to  warrant  any  general  state¬ 
ment  in  regard  to  it.  It  does  prevent  all  stickiness  in  our  case, 
as  well  as  most  of  the  scaling.  It  seems  easier  to  supply  an 
element  to  the  ash  which  will  increase  its  fusing  temperature 
and  allow  the  whole  to  be  treated  as  reasonably  fine  ash,  than 
to  attempt  to  make  it  more  liquid  and  run  off  when  it  will. 

Powdered  coal  will  pack  tight  when  it  is  jarred  lightly 
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and  continuously.  It  flows  rapidly  when  light  and  fluffy,  but 
flows  not  at  all  when  packed  as  tight  as  hard  pan.  This  morn¬ 
ing  we  found  a  2000  lb.  tank  with  a  body  of  coal  so  resistant 
that  a  in.  iron  bar  could  not  be  driven  into  it  with  sharp 
blows  of  a  hand  hammer.  Such  a  mass  must  be  worked  mechan¬ 
ically,  and  is  met  with  only  when  coal  has  laid  forty-eight  hours 
or  more.  Steps  have  been  taken  to  overcome  this  packing  tend¬ 
ency  during  the  day  while  steam  hammers  are  at  work.  We 
have  found  it  worth  while  in  some  cases  to  hang  supply  tanks 
upon  springs;  then  air  jets  applied  at  proper  points  will  stir 
the  coal  and  make  it  flow  readily.  As  a  rule  there  jets  are  used 
only  as  a  momentary  blast,  though  in  some  cases  a  small  con¬ 
tinuous  flow  is  better. 

We  believe  the  fuel  to  be  better  than  oil.  We  have  five 
furnaces  in  use  and  are  changing  over  others  as  fast  as  pos¬ 
sible.  The  smiths  who  are  using  these  furnaces  are  working  at 
piece  rates,  and  express  a  preference  for  coal  rather  than  the 
oil  which  they  have  been  using  for  years. 

Mr.  E.  D.  Barry:*  More  and  more  each  year  engineers 
are  fixing  their  attention  upon  the  use  of  pulverized  coal  as  a 
fuel.  There  are  a  number  of  reasons  for  this,  the  most  import¬ 
ant  one  being  perhaps  the  decreasing  supply  of  fuel-oil  and 
gas.  Then  again  a  more  perfect  method  of  burning  coal  is  made 
necessary  by  the  ever  increasing  demand  that  the  1 1  Smoke 
Nuisance”  be  abated,  both  because  of  its  disagreeable  features 
and  of  its  economic  loss.  Because  of  this  happy  combination  of 
forces  behind  them,  engineers  have  been  compelled  to  turn  their 
attention  to  perfecting  some  method  of  burning  coal  (the  most 
available  and  long  lasting  supply  of  fuel)  and  it  would  seem 
,that  burning  pulverized  coal  will  eventually  solve  this  problem. 

The  cement  industry  is  probably  the  industry  that  has  used 
pulverized  coal  on  an  extensive  scale  for  the  longest  period  and 
most  successfully.  Pulverized  coal  is  peculiarly  well  suited  to 
the  operations  of  a  cement  plant,  being  used  to  dry  the  raw 
materials  and  to  burn  the  raw  material  mixture  into  a  cement 
clinker.  In  all  that  follows  in  this  paper,  it  must  be  understood 

•Superintendent,  Universal  Portland  Cement  Company,  Universal,  Pa. 
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that  the  discussion  is  from  the  point  of  view  of  the  cement 
manufacturer.  Many  of  the  general  principles  will  no  doubt 
apply  to  all  industries,  but  also  there  is  no  doubt  but  that  each 
industry  has  its  own  problems  of  detail  that  must  be  solved 
according  to  its  own  special  needs. 

The  first  question  that  naturally  arises,  is  what  coals  are 
best  adapted  for  pulverizing  and  burning.  The  physical  struc¬ 
ture  of  coal  has  considerable  to  do  with  the  ease  with  which  it 
may  be  pulverized.  Pittsburgh  vein  and  West  Virginia  coals 
are  ideal  examples  of  the  structure  of  coal  that  are  most  easily 
reduced  to  powder.  More  difficulty  is  experienced  with  the 
lower  grades  of  coal  such  as  are  mined  in  Illinois,  Indiana  and 
in  the  western  part  of  our  country.  It  is,  of  course,  easier  to 
pulverize  a  low  grade,  run  of  mine  coal  than  to  pulverize  a  low 
grade  slack  coal.  As  the  use  of  pulverized  coal  is  as  yet  prin¬ 
cipally  confined  to  the  higher  grade  coals,  there  is  still  much 
to  be  learned  as  to  how  the  lower  grades  of  coal  can  be  used  if 
they  can  be  used  at  all. 

From  a  chemical  standpoint,  the  high  volatile,  low  ash,  low 
„  sulphur  coal  is  the  one  b.est  adapted  to  be  pulverized  and  burned. 
Below  are  examples  of  analysis  of  coals  that  have  been  burned 
in  this  way  successfully: 


Fixed 

. 

Volatile 

Carbon 

Ash 

Sulphur  Moisture 

No. 

1. 

West  Virginia  Slack 

Coal  35.23 

50.84 

10.80 

2.71 

3.13 

No. 

2. 

Pittsburgh  Coal  . .  . . 

..  ..  35.17 

51.79 

9.39 

1.28 

3.65 

No. 

3. 

Illinois  Coal . 

..  ..  26.20 

51.47 

13.93 

1.47 

8.40 

Of  course  examples  No.  1  and  No.  2  are  the  best  for  the  pur¬ 
pose,  but  it  must  be  noted  that  a  coal  with  a  volatile  as  low 
as  26  percent  has  been  used.  Again  here  is  a  large  field  for 
investigation  regarding  the  use  of  the  lower  volatile  coals. 

Next  in  order  will  be  taken  up  a  description  of  a  plant 
necessary  to  supply  pulverized  coal.  First,  fire  proof  storage 
bins  should  be  provided,  of  ample  capacity  to  ensure  a  supply 
of  coal  against  irregular  deliveries.  The  tracks  should  be  ele¬ 
vated  and  the  coal  dumped  from  the  cars  into  the  bins  below. 

Some  kind  of  preliminary  coal  crushers  should  be  installed, 
and  the  coal  fed  into  them  by  automatic  feeders  placed  beneath 
the  bins.  If  slack  coal  is  to  be  used  entirely,  and  the  supply 
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can  be  depended  upon,  the  preliminary  crushers  are  not  neces¬ 
sary.  However,  it  is  probably  best  to  be  on  the  safe  side,  and 
use  preliminary  crushers,  so  that  the  plant  can  be  operated  with 
run  of  mine  coal  if  slack  coal  is  not  available;  the  insurance 
against  a  shut-down  is  well  worth  the  cost  of  installation.  There 
are  a  number  of  satisfactory  crushers  on  the  market,  the  types 
most  used  being  the  swinging  hammer  crusher  and  crusher 
rolls.  The  size  of  the  largest  pieces  of  coal  delivered  by  these 
crushers  should  be  about  %  in.,  and  of  course  they  deliver  con¬ 
siderable  coal  dust.  The  coal  from  the  preliminary  crushers 
should  be  taken  by  elevators  (which  may  be  either  of  the  belt 
and  bucket,  or  chain  and  bucket  type)  and  delivered  to  the 
dryers,  if  dryers  are  to  be  used. 

The  question  of  whether  the  coal  should  be  dried  or  not  is 
a  many-sided  one,  and  must,  to  some  extent,  be  decided  by  local 
conditions.  If,  for  instance,  nothing  but  run  of  mine  coal  is 
to  be  used,  and  this  coal  contains  a  low  percentage  of  moisture, 
there  is  no  absolute  need  to  dry  the  coal,  though  fine  pulveriz¬ 
ing  machines  that  use  air  separation,  work  to  a  greater  advan¬ 
tage  with  dry  coal  than  with  coal  that  contains  moisture.  On 
the  other  hand,  for  the  sake  of  economy,  a  plant  would  use  all 
the  slack  coal  it  could  get,  and  as  slack  coal  is  sometimes  de¬ 
livered  very  wet  in  certain  seasons  of  the  year,  coal  dryers  would 
be  necessary  for  the  use  of  such  coal.  Sometimes  dry  run  of 
mine  coal  can  be  mixed  with  wet  slack  coal  and  the  resulting 
coal  mixture  can  be  used  in  a  fairly  satisfactory  way.  But 
aside  from  certain  local  conditions  which  may  throw  the  de¬ 
cision  one  way  or  another,  a  plant  equipped  with  dryers  is  in  an 
independent  position,  it  can  use  wet  or  dry  coal  as  it  comes, 
run  of  mine  or  slack,  and  this  independence  of  conditions  is 
well  worth  the  larger  investment  of  money  made  necessary 
by  the  dryer  installation. 

The  coal  dryers  in  use  are  rotating  steel  cylinders,  40  to  50 
ft.  in  length  and  five  or  six  feet  in  diameter.  It  is  often  de¬ 
sirable  that  the  speed  of  rotation  of  these  dryers  be  varied  some¬ 
what,  and  this  can  easily  be  done  by  the  use  of  variable  speed 
motors.  The  coal  is  fed  in  at  the  upper  end  of  the  cylinder, 
and  the  heat  is  applied  at  the  lower.  A  grate  coal  fire  is  usually 
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used,  and  great  care  must  be  used  in  design  and  operation  so 
that  the  flame  shall  not  come  into  contact  with  the  coal  being 
dried,  or  else  a  disasterous  fire  or  a  bad  accident,  resulting  in 
loss  of  life,  may  ensue.  Sometimes  this  is  accomplished  by 
means  of  baffling  the  flame  so  that  nothing  but  hot  gases  will 
come  into  contact  with  the  coal.  Sometimes  the  flame  and  gases 
from  the  fire  are  made  pass  outside  the  dryer  shell,  back  again 
through  an  internal  flue  and  up  the  stack,  while  the  coal  to  be 
dried  tumbles  over  the  internal  flue.  There  is  a  great  variety 
of  detail  of  design  that  this  paper  cannot  attempt  to  cover; 
the  main  point  to  appreciate  is  that  coal  can  be  successfully 
dried,  and  with  a  minimum  amount  of  danger,  if  the  proper 
vigilance  is  exercised. 

After  the  coal  is  dried,  it  is  taken  by  means  of  the  neces¬ 
sary  conveyors  and  elevators  and  delivered  into  the  hoppers  of 
the  fine  pulverizing  machines.  At  this  point,  a  very  necessary 
precaution  must  be  taken.  In  the  coal  there  is  a  certain  amount 
or  iron ;  small  pieces  of  light  rails,  bolts,  nuts  and  spikes  will 
be  found  in  the  coal  as  it  comes  from  the  mines.  Once  in  a 
while  these  small  pieces  of  iron  will  wreck  a  preliminary  crusher, 
but  usually  they  will  be  hammered  through  it,  but  these  pieces 
will  wreck  a  fine  coal  pulverizer,  and  must  be  kept  out  of  it. 
To  accomplish  this  result,  an  electro  magnet  should  be  placed 
over  the  belt  conveyor  carrying  the  coal  to  the  fine  pulverizers. 
These  magnets  are  very  effective  and  will  pick  up  the  iron  from 
the  coal  as  it  passes  on  the  belt  beneath  it. 

We  now  come  to  the  fine  pulverizing  of  the  coal.  To  obtain 
the  greatest  fuel  economy  and  most  perfect  combustion,  the  coal 
should  be  pulverized  as  finely  as  possible.  How  far  this  fine 
pulverizing  may  be  carried  to  suit  other  industries  we  do  not 
know  now,  but  in  the  cement  industry  the  coal  is  pulverized 
so  that  practically  all  of  it  will  pass  through  a  100  mesh  sieve, 
i.  e.,  a  sieve  that  has  10  000  openings  to  the  square  inch. 

There  are  a  number  of  fine  pulverizers  in  use  in  the  various 
works  of  this  country.  I  will  simply  mention  those  that  I  am 
most  familiar  with.  The  Raymond  mill  pulverizes  the  coal  be¬ 
tween  rollers  and  a  ring,  and  uses  air  to  separate  the  fine  from 
the  coarse  coal.  The  Fuller  mill  pulverizes  the  coal  between 
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balls  and  a  ring  and  screens  are  used.  The  Aero  mill  pulverizes 
the  coal  between  blades  and  plates,  mixes  the  air  and  coal  to¬ 
gether,  and  blows  the  dust  into  the  furnace  where  it  is  to  be 
burned.  The  tube  mill  also  has  been  used  for  the  fine  grinding 
of  coal.  All  these  mills  (and  others  too  that  I  have  not  men¬ 
tioned)  will  do  this  work,  and*  of  course  the  special  mill  for  the 
special  task  must  be  decided  upon  by  the  engineer  in  charge 
after  his  own  investigation. 

The  pulverized  coal  is  then  taken  from  the  grinding  ma¬ 
chines,  preferably  by  a  screw  conveyor,  and  delivered  into  steel 
hoppers  at  those  places  where  it  is  to  be  burned. 

Next  comes  the  problem  of  burning  this  pulverized  coal. 
There  are  a  number  of  devices  in  use  for  doing  this;  I  will 
briefly  describe  one  that  has  been  successfully  used.  Below  the 
hopper  containing  the  pulverized  coal  is  a  small  screw  conveyor 
that  takes  the  coal  from  the  hopper  and  delivers  it  into  a  pipe 
that  leads  to  a  small  mixing  chamber.  The  revolutions  of  this 
screw  can  be  controlled  by  the  operator  so  that  the  amount  of 
coal  can  be  increased  or  diminished  at  will.  A  blower  supplies 
air  pressure,  and  this  blast  of  air  is  also  led  to  the  mixing  cham¬ 
ber,  the  amount  of  air  being  controlled  by  a  valve.  The  coal 
being  mixed  with  air  is  blown  through  a  pipe  into  the  furnace 
or  kiln  or  dryer,  where  it  is  to  be  burned.  This  mixture  of  coal 
dust  and  air  will  of  course  ignite  and  burn  like  a  jet  of  gas. 
The  operator,  having  complete  control  of  the  mixture  of  coal 
and  air,  can  obtain  a  wide  range  of  temperature.  The  tempera¬ 
ture  necessary  to  burn  cement  clinker  is  about  2500  deg.  Fahr. 
and  temperatures  above  or  below  this  can  readily  be  obtained. 

Naturally  the  cost  of  drying,  pulverizing  and  conveying 
the  coal  is  an  important  matter.  It  is  a  question,  however,  that 
cannot  be  answered  very  definitely  owing  to  the  many  local 
conditions  that  necessarily  enter  into  such  an  operation.  In  a 
general  way,  the  total  cost  per  ton  should  range  from  35  to  50 
cents,  depending  upon  the  price  of  coal,  the  types  of  machines 
used,  and  the  size  and  the  economic  operation  of  the  plant. 
The  above  figures  are  general  and  must  be  taken  as  such. 

The  question  of  the  danger  attendant  upon  the  use  of  pul¬ 
verized  coal  is  a  most  important  one,  and  this  real  danger 
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ever  present  and  the  precautions  that  must  be  taken,  should  be 
realized  by  all.  The  building  containing  the  grinding  machines 
should  be  well  ventilated.  The  machines  themselves,  all  ele¬ 
vators,  conveyors  and  chutes,  must  be  kept  tight,  so  that  no 
coal  dust  can  float  into  the  air  of  the  building  and  form  an 
explosive  mixture.  No  leaks  of  any  kind  must  be  permitted,  for 
even  if  no  explosive  mixture  is  formed,  a  stream  of  coal  dust 
if  ignited  will  flash  like  gun  powder,  and  such  a  flash  may  cause 
fatalities.  All  lighting  of  the  coal  building  should  be  done  by 
enclosed  electric  lights ;  no  arc  lamps  should  be  used.  All  wir¬ 
ing  should  be  carefully  insulated  to  prevent  any  short  circuit¬ 
ing.  No  torches,  open  lights  of  any  kind,  or  smoking,  should  be 
tolerated  in  the  coal  building. 

The  amount  of  pulverized  coal  stored  should  be  kept  down 
to  the  minimum,  as  of  course  a  large  quantity  always  on  hand 
would  be  a  source  of  danger.  The  storage  hoppers  should  be 
of  such  size  as  to  tide  over  the  plant  during  any  ordinary  re¬ 
pairs  to  the  grinding  machinery.  It  would  be  a  better  policy 
to  have  spare  pulverizing  machinery  and  run  it  when  necessary, 
than  to  depend  upon  a  large  stock  of  pulverized  coal. 

The  operating  men  must  be  trained  to  realize  the  dangers 
of  coal  dust,  must  be  held  strictly  accountable  for  any  infrac¬ 
tion  of  safety  rules,  and  the  importance  of  all  these  matters 
must  be  continually  driven  home  to  them.  “Eternal  vigilance 
is  the  price  of  safety”.  With  all  these  precautions  taken,  I  feel 
that  there  is  no  abnormal  risk  run  in  the  use  of  pulverized  coal. 

In  conclusion,  I  will  briefly  summarize  the  advantages  of 
burning  pulverized  coal  over  the  more  common  way  of  burning 
coal  on  grates: 

More  perfect  combustion  can  be  obtained. 

Temperatures  can  be  easily  controlled. 

Smoke  can  be  prevented. 

Greater  fuel  economy  will  result. 

Ash  handling  is  eliminated. 

Against  these  advantages,  I  realize  that  there  are  certain 
disadvantages,  or  rather  problems,  yet  to  be  solved.  Among 
these  I  might  mention  the  cutting  of  brick  furnaces  by  the  coal 
flame,  and  in  certain  industries  exactly  what  trouble  the  ash 
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will  cause  is  not  known.  But  I  firmly  believe  that  the  engineers 
of  this  country  will  ultimately  solve  these  problems  satisfac¬ 
torily,  and  that  pulverized  coal  will  be  used  as  a  fuel  more 
extensively  each  year. 

Mr.  A.  W.  Raymond  :*  In  the  discussion  I  will  follow 
the  outline  which  has  been  suggested.  The  first  item  is  what 
grades  of  coal  can  be  used.  This  question  is  entirely  depend¬ 
ent  upon  local  conditions  and  the  type  of  furnace  and  char¬ 
acter  work  done  in  the  furnace.  It  is  safe  to  say  that  almost 
any  coal  containing  30  percent  of  volatile  matter,  with  not 
more  than  10  percent  of  ash,  and  in  open  hearth  furnace  prac¬ 
tice  not  over  1.25  percent  of  sulphur,  can  be  burned  very  suc¬ 
cessfully. 

As  to  the  need  for  drying  the  coal  I  think  all  agree  that 
whether  the  coal  is  dried  before  burning  it,  or  burned  without 
drying,  money  is  spent  for  drying  just  the  same;  because  if 
the  undried  coal  is  fed  into  the  furnace  the  moisture  is  evapor¬ 
ated  in  the  furnace  itself  and  this  will  mean  an  added  quantity 
of  coal  in  order  to  maintain  the  temperature.  If  the  amount 
of  moisture  is  high  it  is  very  doubtful  if  high  temperatures  can 
be  maintained.  Considering  the  above  it  is  only  reasonable  to 
suppose  that  drying  the  coal  before  burning  is  a  money  saving 
practice,  and  as  such  it  becames  an  absolute  necessity  to  a 
powdered  coal  burning  installation. 

There  are  other  large  advantages  to  be  gained  by  drying 
the  coal,  one  is  that  dried  coal  can  be  pulverized  with  less 
power.  I  might  even  go  so  far  as  to  say  that  the  cost  of  the 
drying  will  be  saved  in  the  decreased  power  necessary  for  pul¬ 
verization,  and  the  increased  efficiency  of  combustion  due  to  the 
fact  that  dried  coal,  when  pulverized,  will  contain  a  very  much 
higher  percentage  of  impalpable  powder  which  will  pass  a  300 
mesh  sieve. 

The  next  item  takes  up  the  description  of  the  drying  and 
crushing  plant.  This  I  take  to  include  the  pulverizing  equip¬ 
ment.  It  is  in  this  plant  that  the  use  of  pulverized  coal  can  be 
made  to  effect  a  saving  over  other  fuels,  or  otherwise.  If  the 

♦Engineer,  Raymond  Bros.  Impact  Pulverizer  Co.,  Chicago. 
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drying,  crushing,  pulverizing  and  conveying  apparatus  is  of 
such  type  that  the  expense  of  operation  is  so  heavy  as  to  over 
balance  the  saving  over  producer  gas  or  fuel  oil,  then  powdered 
coal  has  gained  nothing;  and  it  is  very  easy  to  obtain  these 
conditions  unless  proper  precautions  are  taken  in  the  selection 
of  equipment. 

Right  here  I  might  say  something  on  the  advantages  of  a 
central  plant  over  one  which  has  an  individual  pulverizing  sys¬ 
tem  fo  reach  furnace.  Pulverizing  in  large  quantities  is  much 
cheaper,  and  in  using  separate  pulverizing  systems  for  every 
furnace  one  is  carrying  on  a  number  of  small  enterprises  at  a 
large  cost  with  the  chance  of  losing  anything  that  might  be 
gained  by  the  use  of  pulverized  fuel.  It  is  my  idea  that  a 
grinding  plant  should  consist  in  every  case  of  some  kind  of 
crusher,  selected  to  produce  the  least  possible  amount  of  dust 
in  the  operation  and  still  give  the  output.  The  reason  for  not 
having  dust  in  the  crushed  coal  is  that  this  method  eliminates 
the  possibility  of  dust  leakage  into  the  atmosphere,  as  the  crush¬ 
ed  coal  must  be  handled  by  elevator  to  a  bin  which  feeds  the 
dryers  and  then  elevated  into  another  bin  which  feeds  the  pul¬ 
verizers,  and  if  this  coal  contains  a  large  percentage  of  dust 
there  will  be  more  difficulty  in  keeping  the  dust  out  of  the 
atmosphere.  It  is  my  experience  that  the  desirable  type  is  the 
cone  shaped,  rotary  crusher. 

The  selection  of  a  dryer  is  a  matter  of  economy  from  start 
to  finish.  It  should  be  so  designed  as  to  lose  very  little  heat  by 
radiation,  so  that  the  flame  does  not  come  in  contact  directly 
with  the  coal,  and  to  require  very  little  power.  The  dryer 
which  I  have  had  most  experience  with  and  which  has  proved 
most  satisfactory,  is  one  manufactured  by  the  Ruggles-Coles 
Co.  of  New  York.  It  consists  of  two  shells,  one  inside  of  the 
other.  The  fuel  is  carried  between  two  shells.  The  flame  enters 
the  inner  one  and  passes  back  between  the  two  and  out  at  the 
same  end  at  which  it  enters.  The  coal  is  automatically  carried 
from  one  end  to  the  other  and  discharged  into  the  elevator, 
which  carries  it  to  the  bin.  As  already  said,  these  bins  should 
be  of  capacity  to  take  care  of  any  shut-down  that  might  occur. 

There  seems  to  be  two  methods  of  pulverizing,  one  depend- 
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ing  altogether  upon  screens  for  the  control  of  the  fineness  of 
the  finished  product,  and  the  other  depending  upon  currents  of 
air.  Where  screens  are  used  to  control  the  finished  product 
the  capacity  of  the  pulverizer  is  limited  to  the  quantity  of  coal 
which  can  be  forced  through  the  screen,  and  the  fineness  is 
limited  to  about  90  percent  through  a  100  mesh  screen.  Any¬ 
thing  more  than  that  is  commercially  impracticable  on  a  screen 
type  of  pulverizer.  With  screens  there  is  also  the  disadvantage 
of  losing  entire  control  of  the  fineness  whenever  a  nut  or  bolt 
gets  in  the  machine.  It  means  either  a  patched  screen  and 
delay  in  making  the  patch  or  a  new  screen  and  delay  in  placing 
it.  I  saw  an  advertisement  in  Concrete  Age  some  time  ago  of 
a  magnetic  separator  in  which  it  was  claimed  that  they  had 
saved  a  large  cement  company,  which  has  been  grinding  coal 
on  a  screen  type  pulverizer,  $10  000  a  year  in  screens  alone. 
This  seems  absolutely  impossible  to  me,  but  there  is  no  doubt 
that  a  great  deal  of  money  is  spent  on  screens.  Hardly  a  day 
passes  in  a  plant  of  this  kind  that  does  not  see  a  shut-down  to 
patch  a  screen. 

The  other  type  of  pulverizer  is  that  which  depends  upon 
air,  of  which  there  are  two  kinds.  One  is  the  individual  unit 
plant,  in  which  the  same  air  which  controls  the  fineness  of  the 
finished  product  is  used  in  conveying  the  material  into  the 
furnace  for  combustion  purposes.  This  is  necessarily  an  indi¬ 
vidual  system,  and  one  which  requires  an  individual  pulverizer 
for  every  furnace.  An  output  of  1600  lb.  is  practically  the  limit 
of  any  of  these  individual  unit  pulverizers  which  are  of  the 
high  speed,  beater  type,  and  depend  on  imparting  a  high  ve¬ 
locity  to  the  particles  of  coal  dust  themselves  and  the  impinging 
of  the  coal  against  itself  to  do  the  grinding.  Pulverizers  of  the 
capacity  of  1600  lb.  an  hour  of  that  type  require  25  h.  p.  ana 
sometimes  40  h.  p.  to  operate.  With  a  central  grinding  plant 
the  power  can  be  cut  down  to  17  h.  p.  In  this  type  of  pulverizer, 
as  with  the  screen  type,  the  fineness  is  restricted,  and  anything 
finer  than  88  to  90  percent  through  a  100  mesh  screen  is  also 
commercially  impracticable. 

The  other  type  that  depends  upon  air  for  separation  is  one 
where  the  material  is  ground,  taken  from  the  mill  by  a  current 
of  air,  conveyed  by  the  same  air  current  to  the  proper  height 
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to  feed  the  distributing  conveyors,  or  the  storage  bins,  and  then 
the  air  is  returned  again  to  the  mill  for  another  load  of  coal. 
This  air  is  not  used  in  conveying  the  coal  to  the  furnaces  or  for 
combustion  purposes.  This  type  of  pulverizer  has  the  advantage 
of  the  central  grinding  plant  and  the  elimination  of  the  most 
troublesome  elevator,  the  one  which  elevates  the  pulverized  coal 
into  the  storage  bin.  The  elevation  of  the  crushed  coal  is  noT 
a  difficult  matter  and  can  be  done  in  a  casing  which  is  prac¬ 
tically  dust  proof.  But  in  order  to  elevate  pulverized  coal  a 
great  deal  of  expense  must  be  figured  for  both  the  original  in¬ 
stallation  and  maintenance  to  keep  it  dust  tight ;  the  necessity 
for  keeping  it  dust  tight  is  to  eliminate  the  danger  of  explosion. 

Another  advantage  of  the  pulverizing  system  which  de¬ 
pends  upon  air  for  separating  and  conveying  the  pulverized 
coal  to  the  storage  bins  is  the  fact  that  the  grinding  chamber  is 
always  at  a  lower  atmospheric  pressure  than  the  surrounding 
room,  so  that  even  if  the  grinding  chamber  should  spring  a 
leak  there  would  be  no  tendency  for  the  coal  dust  itself  to  leak 
out,  but  the  surrounding  atmosphere  would  be  sucked  in. 

I  have  prepared  some  tabulated  data  here  on  the  cost  of 
pulverizing  coal,  gleaned  from  experiments  and  tests  obtained 
from  the  following  users : 

Crescent  Portland  Cement  Company, 

New  Castle  Portland  Cement  Company, 

Dewey  Portland  Cement  Company, 

Sharon  Steel  IIoop  Company, 

International  Harvester  Company, 

Canadian  Copper  Company. 


COST  FOR  PULVERIZING  COAL 


Capacity  of  Grinding 
Room. 

Tons  per  hour. 

Finished  Product 
Through  100  mesh 
screen 

H.P. 

at  %c  K.W.  Hour 

Labor 

Cost  per  ton  for 
Maintenance 

Total  cost  per  ton 

Total 

Hours  per  ton 

Cost  per  ton 

Men  at  $2 
per  day 

Cost  per  ton 

2 . 

95% 

45 

22.5 

11.25c 

1 

10.00c 

3.33 

24.58 

3 . 

95 

60 

20 

10.00 

1 

6.66 

2.22 

20.88 

4 . 

95 

75 

19 

9.50 

1 

5.00 

1.70 

16.20 

5 . 

95 

85 

17 

8.50 

1 

4.00 

1.20 

13.70 

10 . 

95 

170 

17 

8.50 

1 

2.00 

1.20 

11.70 

25 . 

95 

425 

17 

8.50 

2 

1.70 

1.20 

11.40 
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This  table  illustrates  a  point  which  is  very  important  in 
the  economical  preparation  of  the  coal,  namely,  that  the  larger 
the  quantity  of  coal  handled  in  the  milling  plant,  the  smaller 
the  cost  per  ton  for  pulverizing.  This  is  not  only  true  of  pul¬ 
verizing  alone  but  of  all  the  other  operations  as  well,  and  it  is 
also  the  strongest  argument  I  know  of  against  the  use  of  a 
system  requiring  small  capacity  pulverizers  for  every  furnace, 
as  in  the  unit  system.  The  total  cost  for  preparing  the  coal 
can  be  figured  from  the  following.  About  one  horse  power  hour 
for  crushing  one  ton  of  ooal  will  be  used  and  the  cost  of  main¬ 
tenance  will  not  exceed  0.25c  per  ton.  The  cost  of  elevating 
the  coal  into  bins  may  be  figured  from  the  following  formula, 
which  gives  the  necessary  horse  power. 

The  length  between  centers  in  feet  multiplied  by  the  amount 
of  material  to  be  elevated  in  pounds  per  minute  multiplied  by 
1.5,  and  this  result  divided  by  33  000  gives  the  horse  power 
required. 

Maintenance  cost  for  elevating  machinery  should  not  exceed 
0.1c  per  ton.  For  the  cost  of  drying  the  following  table  will 
show  the  coal  consumed.  About  two  horse  power  hours  should 
be  figured  for  every  ton  of  coal  dried.  Maintenance  cost  here  is 
about  0.25c. 


FUEL  REQUIRED  TO  DRY  COAL 


Percentage  of 
Moisture  in 
Coal 

COAL  CONSUMED  PER  HOUR  IN 
IN  OPERATING  DRIER.* 

160  230  350  540 

POUNDS 

715 

900 

Capacity 

of  Drier  in 

tons  per 

hour. 

1 

19.5 

28.1 

43.2 

66.8 

88.9 

113.0 

2 

15.3 

25.1 

33.5 

51.8 

68.9 

86.3 

3 

12.7 

18.2 

27.5 

42.4 

56.4 

70.6 

4 

10.7 

15.5 

23.6 

36.4 

48.4 

60.6 

5 

9.3 

13.3 

20.3 

31.3 

41.6 

52.2 

6 

8.1 

11.7. 

17.7 

27.4 

.  36.4 

45.7 

7 

7.2 

10.4 

15.7 

24.1 

32.1 

40.2 

8 

6.5 

9.4 

14.3 

22.0 

29.3 

36.7 

9 

5.9 

8.5 

12.8 

19.8 

26.4 

33.0 

10 

5.4 

7.8 

11.8 

18.4 

24.4 

30.4 

11 

5.0 

7.1 

10.8 

16.7 

22.2 

27.8 

12 

4.6 

6.6 

10.0 

15.3 

20.2 

25.2 

13 

4.2 

6.1 

9.3 

14.4 

18.9 

24.0 

14 

3.9 

5.7 

8.6 

13.3 

17.7 

21.9 

15 

3.7 

5.3 

8.0 

12.3 

16.3 

20.2 

♦Coal  to  have  14  000  B  t  u  per  pound. 
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The  total  cost  in  a  plant  having  a  capacity  of  five  tons  per 
hour  or  more  will  not  amount  to  over  35c  per  ton,  and  in  a 
great  many  cases  in  the  cement  industry  of  the  United  States 
this  has  been  brought  as  low  as  28c. 

Storage  difficulties  are  not  encountered  except  when  the 
coal  is  delivered  to  the  bins  in  a  heated  or  wet  condition.  How¬ 
ever,  I  do  not  agree  with  the  previous  speakers  who  maintain 
that  coal  can  be  stored  for  a  week  or  two  at  a  time  without 
trouble.  I  would  hesitate  to  store  it  longer  than  48  hours, 
and  would  not  store  it  even  that  long  unless  it  were  delivered  to 
the  bins  very  dry  and  comparatively  cool.  And  herein  again 
we  see  another  advantage  of  the  type  of  pulverizer  which  uses 
air  separation,  because  it  delivers  an  air-cooled  product  through 
a  line  of  pipe  at  least  50  ft.  long  which  is  exposed  to  the  atmos¬ 
phere  and  cools  the  finished  product.  The  danger  of  explosion 
is  eliminated  entirely  by  keeping  the  room  clean. 

As  to  the  design  of  various  types  of  furnaces  for  using 
pulverized  coal  I  can  only  mention  what  has  been  done  in  the 
open  hearth  practice.  The  National  Malleable  Castings  Co.  of 
Sharon,  about  a  year  and  a  half  ago,  attempted  to  melt  steel 
in  a  35-ton  basic  furnace  with  pulverized  coal.  For  this  they 
used  a  pulverizer  which  depended  upon  screens  and  whose  lim¬ 
iting  degree  of  pulverization  was  90  percent  through  a  100  mesh. 
These  experiments  demonstrated  to  them  that  they  could  burn 
the  coal  without  any  trouble,  but  with  that  method  of  pulveriz¬ 
ing  they  could  not  save  money.  They  later  put  in  a  plant 
which  gives  a  product  at  least  95  percent  of  which  will  pass 
through  a  200  mesh.  With  coal  of  this  fineness  they  were  able 
to  melt  steel  in  open  hearth  furnaces  without  repairing,  sub¬ 
stituting,  or  removing  any  checker  work  and  they  were  not 
troubled  much  with  slag  difficulties  in  the  checker  work.  Up 
to  date  they  have  operated  one  furnace  three  heats  a  day  and 
have  taken,  without  rebuilding,  110  heats  out  of  this  furnace, 
which  is  very  good  considering  the  short  period  of  time  covered 
by  these  experiments.  There  is  no  doubt  that  the  use  of  pul¬ 
verized  coal  cuts  down  the  life  of  the  furnace,  but  the  life  of 
the  furnace  is  increased  very  much  by  the  degree  of  pulveriza¬ 
tion,  and  it  is  a  matter  for  the  engineers  of  this  country  to 
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determine  how  much  money  they  can  safely  spend  in  obtaining 
a  fine  degree  of  pulverization  without  losing  the  efficiency 
gained  by  the  fuel  itself. 

The  Sharon  Steel  Hoop  Company  operate  open  hearth 
furnaces  with  pulverized  coal,  95  percent  passing  a  100  mesh 
screen,  and  with  this  coal  they  found  it  necessary  to  remove  the 
checker  work  and  substitute  in  its  place  in  the  regenerative 
chambers,  horizontal  brick  walls  dove  tailing  into  each  other 
and  having  little  hand  holes  at  the  end  where  they  could  reach 
in  with  a  hoe  and  scrape  off  the  slag.  With  this  type  of  furnace 
they  have  taken  150  heats  without  shutting  down  to  rebuild 
the  furnace  or  regenerating  chambers. 

Unfortunately,  neither  of  these  plants  is  equipped  with  ap¬ 
pliances  to  give  absolute  data  as  to  the  amount  of  coal  consumed 
per  ton  of  steel  melted;  but  both  Mr.  Short  and  Mr.  Kittredge 
assured  me  that  their  records  for  the  last  three  months  showed 
a  decided  saying  over  anything  they  could  have  obtained  with 
producer  gas  and  an  enormous  saving  over  fuel  oil  at  its  present 
price. 

There  has  been  much  discussion  this  evening  on  methods 
for  feeding  the  fuel,  but  I  would  like  to  add  the  fact  that  unless 
the  coal  is  pulverized  uniformly  great  difficulty  will  be  ex¬ 
perienced  in  feeding  it  accurately  to  the  burner.  That  is  it 
should  not  run  95  percent  through  100  mesh  for  ten  minutes 
and  then  drop  to  90  or  jump  to  98  percent. 

The  advisability  of  pre-heating  air  has  to  be  determined 
entirely  by  local  conditions  depending  on  the  expense  the  oper¬ 
ator  would  be  put  to  in  pre-heating  air,  and  whether  he  could 
get  enough  advantage  to  pay  for  the  expense.  The  method  of 
pre-heating  the  air  depends  entirely  upon  the  conditions  in  the 
plant.  It  can  be  pre-heated  in  the  regenerative  chambers  them¬ 
selves,  in  the  stack,  or  any  place  where  there  is  waste  heat. 

Summing  up,  I  would  like  to  say  that  the  most  vital  point 
in  the  use  of  pulverized  coal  is  its  method  of  preparation,  and 
it  must  be  prepared  so  that  at  least  95  percent  will  pass  through 
a  100  mesh  screen.  If  95  percent  passes  the  100  mesh,  at  least 
82  or  83  percent  should  pass  the  200  and  68  to  70  percent  the 
300  mesh. 
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Mr.  I.  W.  Frank:*  Referring  to  Mr.  Shinn’s  discussion, 
it  may  be  of  interest  to  know  that  William  Sweet,  of  Dilworth- 
Porter  &  Company,  used  powdered  coal  42  years  ago,  injecting 
it  with  a  screw. 

Mr.  E.  W.  Shinn  :  Why  did  he  abandon  its  use? 

Mr.  I.  W.  Frank  :  The  coal  was  simply  crushed  as  fine 
as  could  be  between  rolls  and  the  lack  of  fineness  in  pulverizing 
probably  accounted  for  the  failure  of  the  project.  It  was  in¬ 
jected  by  a  fan  located  at  the  furnace. 

Has  pulverized  coal  been  used  under  boilers  with  as  much 
success  as  good  installations  of  automatic  stokers? 

Mr.  E.  W.  Shinn:  It  was  applied  to  boilers  by  the  Amer¬ 
ican  Iron  &  Steel  Mfg.  Co.  at  one  time,  but  the  boiler  settings 
were  not  altered  to  suit  the  changed  fuel  requirements,  and  con¬ 
sequently  the  conditions  were  not  of  the  best.  They  succeeded 
in  evaporating  about  8l/2  lb.  of  water  per  lb.  of  coal  used.  This 
test  was  made  during  a  dull  period,  when  their  mill  was  not 
running  to  capacity,  and  when  business  improved  it  was  taken 
out  of  the  boiler  house,  as  their  pulverizing  capacity  was  not 
sufficient  to  run  both  boilers  and  furnaces. 

Mr.  R.  C.  Warner  :t  I  would  like  to  hear  further  discus¬ 
sion  on  the  use  of  pulverized  coal  under  steam  boilers. 

Mr.  A.  Stucki  :  Referring  to  the  evaporation  of  8*4  lb. 
mentioned  by  Mr.  Shinn,  I  would  state  that  a  local  plant  ob¬ 
tained  an  actual  evaporation  of  10  x/2  lb.  of  water  per  pound 
of  pulverized  coal.  Some  time  ago  a  firm  in  the  Pittsburgh 
District  intended  to  use  this  fuel  and  I  was  detailed  to  look 
into  the  question  and  examine  existing  installations.  The. fuel 
economy,  as  already  stated,  I  found  good.  There  was  abso¬ 
lutely  no  smoke,  but  the  lining  of  the  fire  box  had  to  be  renewed 
about  every  six  weeks,  and  we  dropped  the  matter. 

Mr.  R.  C.  Warner  :  What  economy  was  obtained,  and 
what  were  the  costs,  were  they  prohibitive? 

♦President,  United  Engineering  and  Foundry  Co..  Pittsburgh. 
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Mr.  A.  Stucki  :  The  use  of  pulverized  coal  was  abandoned 
for  various  reasons.  The  heat,  which  by  the  way  was  obtained 
by  blowing  the  coal  dust  from  opposite  sides  and  letting  the  two 
flames  meet  in  the  center  of  the  fire  box,  was  very  intense  and 
very  hard  on  the  fire  box  lining  and  the  boiler  in  general.  The 
first  cost  of  the  dryer,  the  mill,  the  blower,  the  conveyors  and 
the  feeding  apparatus  was  considerable.  The  additional  floor 
space  needed  was  found  to  be  a  big  item.  The  upkeep  of  all 
this  additional  machinery  we  considered  unfavorable.  The 
power  necessary  to  drive  all  this  machinery  was  about  five  per¬ 
cent  of  the  power  produced,  so  that  we  would  be  losing  right 
there,  in  comparison  with  an  up-to-date  stoker  installation, 
where  furnace  efficiencies  of  97  percent  and  over  are  obtained. 
Last,  but  not  least,  the  danger  of  leaks  in  the  conveyors  and 
consequent  explosions  was  also  considered  greatly  objectionable. 
The  mesh  was  only  40,  average  about  60. 

Mr.  Elmer  K.  Hiles:  What  is  the  increase  in  economy 
due  to  pulverizing  the  coal  more  finely?  At  the  experimental 
coal  mine  of  the  U.  S.  Bureau  of  Mines  at  Bruceton  after  an 
explosion  the  particles  of  coal  dust  were  found  to  be  charred, 
but  examination  under  a  glass  showed  flame  penetration  to  a 
certain  distance  only,  and  in  the  center  a  kernel  of  unconsumed 
coal.  This  is  the  principle  of  finer  pulverization  and  an  ex¬ 
pression  as  to  the  resulting  increase  in  economy  will  be  of 
interest. 

Mr.  A.  W.  Raymond  :  The  New  Castle  Portland  Cement 
Company  had  a  pulverizer  installed  which  pulverized  the  coal 
to  88  percent  through  100  mesh,  and  when  they  changed  that 
to  get  95  percent  through  100  mesh  they  claimed  an  increased 
efficiency  of  combustion  of  12  percent.  The  National  Malleable 
Castings  Co.  at  Sharon  are  getting  95  percent  through  200  mesh, 
which  is  about  12  percent  higher  on  the  200  mesh  than  95  per¬ 
cent  through  the  100  mesh  is,  and  they  claim  that  although 
they  get  considerable  increase  in  efficiency,  their  main  saving 
is  due  to  the  fact  that  their  ash  troubles  are  practically  elemi- 
nated. 

Mr.  S.  A.  Taylor:*  Referring  to  Mr.  Shinn's  comments 

♦Consulting  Civil  and  Mining  Engineer,  Pittsburgh. 
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as  to  the  occurrence  of  spontaneous  combustion.  Did  sulphur 
in  the  coal  have  any  bearing  on  the  matter? 

Mr.  E.  W.  Shinn  :  I  do  not  think  that  sulphur  is  the 
entire  cause  of  spontaneous  combustion  in  the  furnace  bins,  but 
that  the  fineness  to  which  the  coal  is  pulverized  has  as  much 
to  do  with  it  as  anything  else,  as  this  gives  a  large  surface'  ex¬ 
posed  to  the  action  of  the  air,  many  times  larger  than  is  the 
case  when  ordinary  sizes  are  stored. 

Mr.  Elmer  K.  Hiles:  What  is  the  absorption  of  sulphur 
from  pulverized  coal  in  metallurgical  furnaces? 

Mr.  A.  W.  Raymond:  I  can  give  the  experience  that  Mr. 
Short  and  Mr.  Kittridge  have  had  in  open  hearth  furnaces. 
They  did  not  get  any  greater  absorption  with  the  pulverized 
coal  than  they  experienced  with  producer  gas.  Using  coal  con¬ 
taining  about  1.25  percent  sulphur  and  unselected  scrap  for 
the  steel  they  can  keep  the  sulphur  down  to  0.04  without  any 
difficulty,  and  it  often  runs  0.035. 

Mr.  E.  W.  Shinn  :  I  have  just  received  some  interesting 
data  from  the  American  Locomotive  Company  Works  at  Sche¬ 
nectady.  In  their  hammer  shop  furnaces  which  are  about  5  ft. 
6  in.  wide  by  18  ft.  long,  blooms,  about  10  in.  thick  by  18  in. 
wide  by  15  ft.  long,  are  heated  to  be  forged  into  engine  frames, 
and  the  coal  consumption  of  the  hand  fired  furnaces  is  650  lb. 
of  coal  per  hour,  and  of  the  powdered  coal  furnace  350  lb.  of 
coal  per  hour,  the  powdered  coal  furnace  being  at  the  same  time 
about  20  percent  faster  than  the  old  furnaces.  In  their  drop 
hammer  shop,  heating  forged  piston  spider  blanks,  the  heating 
time  in  one  of  the  oil  furnaces  is  15  minutes,  and  in  a  powdered 
coal  furnace  of  the  same  size,  12  minutes.  This  shows  that  the 
saving  by  using  powdered  coal  is  not  altogether  by  reducing  the 
quantity  of  fuel  used,  but  also  that  the  production  can  be  ma¬ 
terially  increased. 

Mr.  Elmer  K.  Hiles:  To  what  extent  is  pre-heating  used 
for  the  air  in  burning  pulverized  coal  in  furnace  work? 

Mr.  J.  E.  Culliney  :  The  American  Iron  &  Steel  Mfg.  Co. 
pre-heat  the  air  in  all  cases  where  it  can  be  done  by  using  what 
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would  otherwise  be  waste  heat.  The  following  data  may  be 
of  interest. 

The  average  hot  blast  temperatures  for  the  past  two  months 
are  as  follows : 

Puddle  Mill  Furnaces  554  deg.  Fahr. 

Heating  “  11  408  “  “ 

Spike  ”  521  “  “ 

The  above  temperatures  of  the  air  blast  reduces  the  total 
coal  consumption  about  15  percent. 

Although  the  temperatures  of  the  heating  furnaces  are 
greater  than  those  of  the  puddle  furnaces,  the  above  results 
show  that  the  hot  blast  temperature  in  the  puddle  furnaces  is 
greater  than  that  of  the  heating  furnaces,  due  to  the  fact  that 
more  air  is  used  in  the  heating  furnaces  and  hence  passes 
through  the  same  sized  pre-heater  at  a  higher  velocity. 

A  higher  pre-heating  temperature  in  the  heating  furnace 
might  be  obtained,  if  space  would  allow,  by  the  introduction  of 
a  larger  pre-heating  apparatus. 

The  puddle  and  heating  furnaces  have  the  pre-heater,  or 
hot  blast,  pipes  laid  directly  below  the  boiler,  which  is  located 
over  each  of  these  furnaces. 

The  heat  used  to  pre-heat  the  air  in  this  case  is  not  waste 
heat,  unless  the  blast  pipes  are  placed  in  such  a  way  that  the 
gases  pass  over  them  after  they  leave  the  boiler. 

The  spike  furnaces,  however,  have  the  pre-heating  chamber 
located  under  the  hearth  of  the  furnace,  and  waste  heat  alone 
is  used  to  pre-heat  the  air  blast. 

Mr.  A.  W.  Raymond:  High  temperatures  with  pulverized 
coal  are  so  easily  obtained  that  it  seems  almost  unnecessary  to 
pre-heat  the  air,  and  there  is  very  little  saving  in  doing  so. 
We  are  not  pre-heating  the  air  and  are  obtaining  temperatures 
as  high  as  4500  deg.  Fahr.  with  powdered  coal. 

Mr.  E.  W.  Shinn:  The  American  Iron  &  Steel  Mfg  Co 
pre-heated  the  air  in  nearly  all  of  their  heating  and  puddling 
furnaces  to  about  500  deg.  Fahr.,  and  after  a  test  of  considerable 
duration  claim  that  it  shows  a  saving  of  about  20  percent  in 
fuel,  by  so  doing.  In  some  of  their  heating  furnaces  they  get 
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a  temperature  of  about  3000  deg.  Fahr.,  using  cold  air.  The 
air  is  pre-heated  in  recuperator  pipes  located  under  their  waste- 
heat  boilers.  As  the  furnace  temperature  is  the  same  since 
using  powdered  coal,  as  when  hand  fired,  they  get  the  same 
steaming  capacity  from  their  boilers  as  before  the  change  was 
made.  On  a  comparative  test  between  the  waste-heat  boilers 
and  the  boilers  in  their  power  plant,  the  waste-heat  boilers 
generated  about  85  percent  as  much  steam  per  pound  of  coal 
from  the  waste  gases  from  the  furnaces,  as  is  generated  in  their 
regular  boilers. 
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By  H.  M.  Hooker* 


ABSTRACT  OF  PAPER 

Published  in  the  July,  1913,  Proceedings. 

The  paper  discusses  the  character,  history  and  physical  properties 
of  composition  flooring,  the  method  of  installing  and  the  use  to  which 
it  is  applied. 

Composition  flooring  is  a  light  weight,  fire-proof,  resilient  cov¬ 
ering.  It  is  laid  plastic,  usually  about  y2  inch  thick  and  sets  in  a  few 
hours  into  a  seamless,  tough,  warm  and  rather  quiet  mass;  in  ap¬ 
pearance  and  feel  not  unlike  high-grade  battleship  linoleum.  Its 
jointless  character  and  comparative  freedom  from  cracks  due  to  warp¬ 
ing,  uneven  settlement  and  vibration  of  buildings  give  it  special  sani¬ 
tary  value.  It  is  laid  over  wood,  metal  or  concrete,  and  adheres 
firmly  thereto. 

Eighteen  physical  properties  are  found  to  play  their  part  in  giv¬ 
ing  value  to  any  flooring  material;  cleanliness,  quietness,  abrasion, 
resilience,  slipperiness,  appearance,  degree  water  proof,  plasticity, 
warmth,  life,  degree  fireproof,  elasticity,  crushing  strength,  rupture, 
degree  acid  proof,  degree  alkali  proof,  expansion  and  weight.  The 
relative  importance  of  each  property  is  considered  and  a  rating  as¬ 
signed.  Nineteen  Common  flooring  materials  are  then  appraised  in 
terms  of  the  above  properties. 


DISCUSSION 

Dr.  R.  R.  Shively  :*  A  few  years  ago  a  gentleman  in  New 
York  bought  a  composition  floor  plant  for  a  son.  The  conditions 
of  the  business  were  bad,  many  floors  had  to  be  replaced,  and 
as  a  result  money  was  being  lost  in  the  business.  So  it  was  left 
with  us  of  the  Mellon  Institute  of  Industrial  Research  to  study 
composition  flooring  and  to  correct  some  of  its  faults. 

Composition  flooring  has  been  used  for  a  number  of  years. 
As  the  speaker  stated  it  was  brought  out  in  1866,  and  has  been 

Presented  before  the  Structural  Section  September  9,  and  published  in 
the  October,  1913,  Proceedings. 
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successfully  used  in  Germany  for  some  time ;  but  up  until  the 
last  few  years  in  this  country  one  job  would  result  in  a  beauti¬ 
ful  floor,  the  next  would  give  a  very  unsatisfactory  one.  An 
owner  could  not  tell  what  kind  of  a  floor  he  was  going  to  get 
when  he  let  his  contract.  Sometimes  the  floor  would  be  abso¬ 
lutely  perfect,  and  the  next  time  a  floor  installed  by  the  same 
company  would  have  cracks  and  bulges,  the  color  would  fade, 
and  a  very  unsatisfactory  floor  would  result. 

Before  I  go  further  I  want  to  say  in  justice  to  the  author 
that  my  experience  with  the  different  companies  has  led  me  to 
believe  that  the  Marbleloid  and  Taylorite  companies  of  New 
York  are  putting  down  the  best  flooring  on  the  market. 

In  Germany  their  success  is  partly  attributed  to  the  fact 
that  they  do  not  have  the  sudden  climatic  changes  that  we 
have  in  this  country.  If  that  is  the  cause,  why  is  it  that  some 
floors  here  are  perfect  and  others  are  not?  Why  should  not 
the  climatic  conditions  affect  all  floors  in  the  same  way?  Upon 
investigating  the  conditions  in  the  factories  I  found  that  there 
were  very  few  scientific  men  connected  with  the  work.  The 
men  that  made  up  the  mixture  were  ordinary  laborers  and  they 
were  never  sure  of  having  the  same  composition.  In  mixing  the 
magnesium  chloride  the  temperature  is  never  taken  into  con¬ 
sideration  in  getting  the  percentage.  In  my  experience  they 
vary  the  percentage  of  magnesium  chloride  five  to  eight  percent 
on  different  jobs.  The  chemical  combination  between  the  mag¬ 
nesium  oxide  and  the  magnesium  chloride  is  one  that  must  be 
controlled  carefully  because  an  excess  of  magnesium  chloride 
will  cause  an  efflorescence.  And  again  the  magnesium  chloride 
in  excess  has  a  tendency  to  decompose  in  the  presence  of  mois¬ 
ture  and  liberate  hydrochloric  acid,  and  this  acts  upon  the 
ferric  oxide  used  as  color  and  will  lighten  the  shade  of  the 
floor. 

Of  course  I  have  been  working  at  this  from  a  laboratory 
standpoint  entirely,  except  that  I  have  laid  three  or  four  floors 
in  large  areas,  and  each  floor  I  have  put  down  has  been  a  success. 
I  believe  firmly  that  magnesium  oxychloride  can  be  used  and 
successfully  used  for  flooring.  I  will  say  one  thing,  that  the 
samples  that  are  sent  out  by  the  manufacturers  are  samples 
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that  are  very  carefully  prepared  and  you  can  hardly  expect 
to  have  a  floors  as  beautiful  in  appearance  as  some  of  these 
samples  you  see.  They  are  very  carefully  troweled  and  most  of 
them  have  been  carefully  oiled,  and  by  this  you  get  a  surface 
that  has  less  absorption  than  you  get  in  an  ordinary  floor. 

In  the  floors  themselves  the  absorption  is  higher  than  has 
been  indicated  tonight.  I  have  found  samples  very  hard,  most 
all  sand  and  magnesium  oxy-chloride  with  very  little  filler  in 
which  the  absorption  was  almost  negligible,  but  I  have  found 
other  samples  in  which  the  absorption  would  run  as  high  as  12 
or  14  percent.  If  the  man  putting  down  the  floor  understands 
the  conditions  it  has  to  undergo  he  can  undoubtedly  make  a 
floor  that  is  satisfactory.  I  remember  a  floor  in  a  hospital  in 
Brooklyn,  under  which  were  several  furnaces  of  the  heating 
department.  It  cracked  in  every  conceivable  way.  If  the  man 
that  put  in  that  floor  had  studied  this  condition,  if  he  had  put 
in  a  material  to  allow  for  more  expansion  and  contraction,  he 
could  have  overcome  the  cracking.  But  in  a  floor  of  that  kind 
it  is  almost  impossible,  using  inorganic  coloring  matter,  to  get 
a  floor  that  will  withstand  chemical  changes.  I  tried  very  hard 
to  incorporate  some  analine  colors,  but  they  will  not  withstand 
the  reactions  of  the  alkali. 

The  sanitation  of  this  floor  has  been  referred  to.  It  is 
the  most  sanitary  floor  on  the  market,  without  a  doubt,  and  its 
low  conductivity  of  heat  makes  it  ideal  for  schools  and  hos¬ 
pitals.  The  effect  of  oil  is  a  thing  that  is  not  thoroughly  under¬ 
stood.  The  addition  of  oil  to  ordinary  cement  is  supposed  to 
injure  the  cement.  The  action  of  the  lime  in  the  cement  com¬ 
bining  with  the  organic  acid  of  the  oil  has  a  tendency  to  cause 
the  cement  to  disintegrate.  My  experience  has  been  that  this 
composition  is  benefited  by  oil,  especially  by  a  vegetable  oil. 
It  seems  that  the  magnesium  salt  of  the  organic  acid  has  a  ten¬ 
dency  to  render  it  more  nearly  waterproof.  There  is  a  coating 
of  soap  that  surrounds  each  particle  and  prevents  the  absorption 
of  water. 

I  have  not  gone  into  the  subject  very  deeply  as  the  chemical 
details  would  be  tiresome,  but  I  will  be  glad  to  answer  any 
questions  you  may  have  on  the  chemical  and  physical  conditions. 
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Mr.  Samuel  Jaros:*  1  am  afraid  I  will  make  a  great 
botch  of  what  I  have  to  say  after  the  introduction  by  Mr. 
Hooker  and  the  gentleman  from  the  Mellon  Institute.  Mr. 
Hooker  tells  us  that  the  path  of  composition  flooring  in  the 
United  States  is  a  very  smooth  one,  and  the  other  gentleman 
tells  us  that  it  is  beset  with  many  dangers.  As  a  practical 
manufacturer  I  want  to  tell  you  that  the  last  gentleman  is 
more  nearly  right.  I  wish  Mr.  Hooker  were  right  because  then 
I  could  sleep  better.  But  we  have  our  worries  and  troubles 
because  we  are  dealing  with  a  hidden  and  somewhat  unknown 
chemical  proposition,  and  I  believe  that  many  of  the  faults 
under  which  we  are  laboring  are  due  to  the  improper  founda¬ 
tions  upon  which  the  manufacturer  is  compelled  to  lay  his 
floor.  The  cement  foundation  may  be  placed  improperly.  If 
it  is  poor  it  will  absorb  the  chloride  and  leave  the  material  soft. 
If  it  is  too  hard  it  will  furnish  too  much  resistance  for  the  con¬ 
traction  and  expansion  in  the  mass.  Consequently  the  manufac¬ 
turer  is  compelled  to  gauge  his  material  according  to  the  con¬ 
ditions  under  which  he  is  forced  to  act,  and  very  much  of  the 
trouble  we  are  confronted  with  is  due  to  this  one  fault.  This 
is  one  thing  which  the  architect  and  engineer  should  specify 
very  carefully  so  that  the  danger  may  be  minimized. 

Mr.  R.  W.  Page:!  The  reading  of  Mr.  Hooker’s  paper  be¬ 
fore  your  Society  is  of  great  significance  to  the  composition 
flooring  industry  of  this  country. 

To  those  vitally  interested  in  the  development  of  this  branch 
of  the  building  industry,  your  discussion  of  this  subject  gives 
rise  to  the  hope  and  belief  that  composition  flooring  will  receive 
the  scientific  consideration  and  investigation  that  has  been  given 
it  for  several  years  past  abroad,  particularly  in  Germany. 

It  is  our  hope  that  this  paper — the  first  contribution  to  the 
literature  of  this  subject  in  this  country — is  but  the  forerunner 
of  other  papers  bearing  upon  this  subject  before  similar  repre¬ 
sentative  scientific  bodies.  Every  progressive  manufacturer,  in 
this  country  at  least,  feels  greatly  the  lack  of  the  stimulus  and 
aid  that  such  scientific  study  and  investigation  would  give  to 

♦President,  General  Kompolite  Co.,  New  York. 

tPresident,  The  Marbleloid  Company,  New  York. 
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the  development  of  his  product.  As  the  author  states  in  his 
paper  the  annual  installation  of  this  material  in  any  one  year 
has  more  than  doubled  that  of  the  preceding  year.  Composition 
flooring  is  no  longer  an  experiment.  It  has  “made  good”  and 
is  so  widely  specified  and  used  today  that  there  is  no  question 
whatever  in  the  minds  of  those  who  have  followed  the  progress 
of  this  material  since  its  introduction  abroad  and  in  this  country 
that  it  is  destined  to  fill  a  definite  and  no  insignificant  field  in 
the  building  industry. 

The  architect  or  engineer  who  has  had  no  experience  in  the 
use  of  composition  material,  and  who  may  contemplate  specify¬ 
ing  it  for  some  project  he  has  in  hand,  should  bear  in  mind  four 
factors  which  largely  determine  a  successful  issue.  There  are : 

Selection  of  material  to  be  used. 

Provision  for  adequate  foundation. 

Use  of  skilled  and  experienced  labor. 

Protection  and  after  care  of  the  finished  work. 

To  refer  to  these  points  briefly : 

An  intelligent  selection  of  the  flooring  meterial :  Owing 
to  the  fact  that  manufacturers  in  this  country  hold  their  various 
formulae  as  trade  secrets,  the  architect  is  unable  to  specify 
the  precise  formula  for  the  make  up  of  the  material  as  he  does 
in  the  case  of  a  Portland  cement  concrete.  When  we  take  into 
consideration  the  fact  that  the  oxychloride  cement  used  in  all 
composition  flooring  is  capable  of  carrying  other  ingredients 
up  to  twenty  times  the  weight  of  the  cement,  we  can  readily 
see  what  a  vast  variation  there  may  be  in  composition  flooring, 
not  only  with  respect  to  the  number  of  ingredients  added  but 
also  in  the  relative  properties  secured.  It  is  quite  possible,  and 
indeed  very  likely,  that  no  two  floorings  of  different  manufac¬ 
turers  are  essentially  alike.  For  these  reasons  the  careful 
architect  or  engineer  will  not  specify  merely  “composition  floor¬ 
ing.”  He  will  name  only  those  manufacturers  whose  material 
he  has  thoroughly  investigated  and  this  investigation  will  in¬ 
clude  the  inspection  of  work  installed  for  some  length  of  time 
so  that  he  may  see  for  himself  just  how  the  material  will  stand 
up  under  service. 


DISCUSSION - COMPOSITION  FLOORING 


423 


Under  no  circumstances  should  the  architect  or  engineer 
make  his  selection  solely  from  samples  submitted.  All  samples 
look  very  much  alike.  Often  the  impractical  mixture  will  make 
up  into  a  better  looking  sample  than  the  efficient  material  for 
the  simple  reason  it  is  often  easier  to  trowel-finish  such  a  mix¬ 
ture  to  a  good,  even  surface. 

An  adequate  foundation  should  he  provided  for  in  the  gen¬ 
eral  specifications :  A  large  percentage  of  difficulties  encounter¬ 
ed  in  the  past  has  been  due  to  the  inadequate  foundation.  I 
refer  to  concrete  foundation  as  wood  foundation  presents  no 
great  difficulty. 

The  concrete  foundation  must  be  of  sufficient  richness  and 
under  no  consideration  should  it  contain  lime.  Buckling  or 
coming  away  from  foundation  is  almost  always  due  to  one  or  the 
other  of  these  causes.  Most  manufacturers  provide  printed 
foundation  sheets  giving  the  proper  mixture  of  the  concrete  fill 
and  method  of  its  installation. 

Shilled,  experienced  workmanship  essential:  Composition 
flooring  requires  radically  different  handling  and  troweling  from 
that  given  portland  or  other  cements.  It  is  utterly  impossible 
to  take  a  workman  inexperienced  in  the  work  of  this  material, 
from  either  a  cement  workers  union  or  a  plasterers  union,  and 
expect  him  to  turn  out  a  satisfactory  piece  of  work. 

Such  a  man  would  not  become  proficient  in  this  line  with¬ 
out  many  days  of  actual  experience  in  working  with  this  ma¬ 
terial.  For  this  reason  it  is  not  advisable  to  buy  the  material 
in  bulk  from  any  particular  manufacturer  and  plan  to  install 
it  by  local  mechanics.  Expert  workmanship  is  of  the  greatest 
importance  owing  to  the  fact  that  the  color  appearance  of  the 
finished  flooring  is  dependent  largely  upon  the  time  and  manner 
of  the  final  troweling. 

Protection  and  after  care  of  finished  work:  Owing  to  the 
liability  of  damage  from  other  mechanics  (composition  flooring 
is  far  more  liable  to  such  damage  when  it  has  been  newly  in¬ 
stalled  than  will  be  the  case  after  it  has  reached  its  maximum 
hardness)  this  material  should  be  practically  the  last  thing 
installed  in  a  building.  In  so  far  as  it  may  be  possible  the  plas- 
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tering  should  be  done,  the  trim  set,  the  glazing  in  place,  the 
painting  done  and  all  fixtures  installed. 

Composition  flooring  should  receive  the  same  care  to  pre¬ 
vent  damage  caused  by  other  contractors  that  is  exercised  in 
the  case  of  finished  wood  flooring.  Many  an  excellent  piece  of 
work  has  been  permanently  marred  by  carelessness  in  this  re¬ 
gard.  Most  manufacturers  will  leave  their  work  well  covered 
by  heavy  paper,  sawdust  or  both. 

The  after  care  of  this  material  is  of  importance.  Frequent 
washing  and  an  occasional  oiling  will  serve  to  keep  a  floor  in 
perfect  condition  and  with  this  care  it  has  been  repeatedly  dem¬ 
onstrated  that  composition  flooring  improves  in  appearance  as 
it  ages  under  service. 

Mr.  R.  M.  Trimble:*  In  entering  this  discussion  of  the 
merits  and  uselfulness  of  different  types  of  floors,  it  is  not  my 
intention  to  treat  the  question  from  a  scientific  or  technical 
view  point,  but  simply  to  state  as  concisely  as  possible  the  re¬ 
sults  of  an  experience  gathered  in  the  general  practice  of  archi¬ 
tecture,  and  I  hope  to  be  forgiven  if  I  stray  too  far  from  the 
subject.  The  discussion  in  this  paper  will  be  practically  con¬ 
fined  to  floors  in  buildings  of  fireproof  construction,  for  the 
reason  that  in  considering  floors  in  buildings  of  ordinary"  wood 
construction,  or  in  buildings  of  slow  burning  construction,  we 
are  largely  restricted  to  the  use  of  wood,  or  some  material  which 
will  not  be  affected  by  the  shrinkage  of  the  joist ;  for  while  I 
have  seen  satisfactory  results  achieved  in  the  use  of  tile,  marble 
and  other  floors  of  this  type,  laid  over  a  foundation  supported 
on  wood  joist,  the  practice  is  an  objectionable  one,  although  it 
may  have  had  its  excuse  before  the  introduction  of  improved, 
moderate  priced  methods  of  fireproofing. 

The  floors  which  may  safely  be  used  in  buildings  of  wood 
construction,  and  which  are  but  slightly  affected  by  the  shrink¬ 
age  of  the  joist,  are  those  of  wood,  cork,  rubber  tile  and  com¬ 
position. 

In  this  connection  I  would  state  that  I  do  not  consider  the 
use  of  a  composition  floor  laid  on  wood  floors  to  be  advisable, 
unless  some  method  is  discovered  which  will  eliminate  the  hollow 

♦Architect,  Ferguson  Building,  Pittsburgh. 
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sounding  noise  occasioned  by  walking  over  a  floor  so  laid.  I  he 
floor  may  be  satisfactory  in  every  other  respect,  but  the  noise 
is  an  objectionable  feature,  which  should  be  overcome  before 
the  material  will  be  a  complete  success  when  laid  under  these 
conditions. 

Another  objection  1  find  is  the  efflorescence  which  appears 
sometimes  on  the  surface  of  the  floors:  this  objection  is  par¬ 
ticularly  serious  when  applied  to  residence  work,  as  the  good 
housekeeper  wants  a  floor  which  will  make  some  show  for  the 
effort  made  in  cleaning,  so  that  to  secure  her  approval  of  the 
material  some  treatment  should  be  evolved  which  will  kill  this 
efflorescence  and  make  the  floor  show  up  better  after  it  is  cleaned. 

I  do  not  make  these  criticisms  with  any  feeling  of  antago¬ 
nism  toward  composition  floors,  as  I  have  used  the  material 
under  different  conditions  with  satisfactory  results,  and  feel 
that  it  has  a  wide  and  ever  growing  field  of  usefulness. 

Composition  floors  are  satisfactory  for  many  purposes,  for 
use  in  hospitals,  offices,  schools,  in  the  service  portions  of  resi¬ 
dences,  and  in  places  of  like  character,  where  its  sanitary  char¬ 
acteristics  make  it  valuable. 

But  while  the  use  of  this  floor  in  the  corridors  of  hospitals, 
schools  and  office  buildings  has  largely  increased  in  the  last  few 
years,  its  use  in  hospital  wards,  offices  and  school  rooms  has 
been  more  restricted,  maple  or  quartered  yellow  pine  floors 
having  been  largely  used  heretofore  for  such  purposes.  Aside 
from  the  difference  in  cost,  there  is  no  reason  why  composition 
floors  would  not  be  much  more  satisfactory  for  such  purposes, 
as  they  have  many  advantages  over  the  wood  floors.  They  are 
more  sanitary,  more  easily  cleaned,  and  more  durable. 

The  principal  draw  hack  to  the  use  of  these  floors,  in  Pitts¬ 
burgh  at  least,  has  been  the  ever  recurring  fear  that  the  ma¬ 
terial  may  not  be  properly  mixed  or  applied,  and  that  failure 
will  consequently  be  the  result  of  its  use.  •  The  success  of  the 
floor  seems  to  he  dependent  upon  conditions  which  are  hard  to 
control ;  upon  the  weather,  which  if  too  hot  causes  the  material 
to  set  before  it  can  be  properly  worked,  or  upon  the  concrete 
underbody  which  should  be  seasoned  for  weeks  before  the  com¬ 
position  floor  is  applied.  Vexatious  questions  of  this  kind  con- 
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tinually  arise  to  harass  him  who  uses  the  floor,  and  to  create 
the  fear  that  it  will  not  be  a  success. 

It  is  not  fair,  however,  to  place  the  blame  for  the  failure 
of  this  floor  on  the  material;  it  should  be  placed  where  it  more 
properly  belongs,  upon  the  irresponsible,  incompetent  firms  who 
through  ignorance  or  dishonesty,  have  laid  floors  which  have 
not  been  satisfactory,  and  have  thus  raised  doubts  as  to  the 
reliability  of  the  material,  and  caused  the  use  of  floors  of  other 
types,  when  otherwise  the  preference  would  have  been  given  to 
composition  floors  as  possessing  so  many  advantages  over  some 
of  the  floors  of  other  types. 

As  previously  stated,  my  own  experience  with  composition 
floors  has  been  satisfactory,  probably,  however,  because  I  have 
always  insisted  on  having  the  work  done  by  those  whose  relia¬ 
bility  was  unquestioned,  and  on  their  being  given  every  pos¬ 
sible  opportunity  to  work  under  favorable  conditions. 

Several  years  ago,  in  designing  a  small  factory  office,  where 
economy  was  of  the  utmost  importance,  we  gave  the  question  of 
the  type  of  floor  to  be  used  very  careful  consideration,  the 
original  idea  being  to  use  a  wood  floor  covered  with  linoleum; 
the  building  was.  fireproof,  and  after  a  great  amount  of  figuring 
we  decided  that  a  more  satisfactory  result  could  be  obtained, 
without  increasing  the  cost,  by  using  a  composition  floor;  we 
have  not  had  occasion  to  regret  the  choice,  as  the  floor  has  passed 
through  several  years  of  hard  usage  without  appreciable  de¬ 
terioration.  This  experience,  I  believe,  justifies  the  assumption 
that  a  composition  floor  has  many,  if  not  all  of  the  advantages 
claimed  by  its  sponsors,  and  that  it  is  a  good  floor  for  many 
purposes,  being  dustless,  sanitary  and  easy  on  the  feet. 

The  floor  has  undoubtedly  many  advantages  over  the  cement 
floor,  although  the  difference  in  cost  between  the  two  is  gen- 

erallv  the  factor  which  causes  the  selection  of  the  cement.  The 

«/ 

success  of  a  cement  floor  is  just  as  dependent  upon  good  work¬ 
manship  and  the  use  of  good  materials,  and  the  result  is  noth¬ 
ing  like  so  satisfactory,  as  the  cement  floor  does  not  present  as 
good  an  appearance,  is  usually  dusty,  and  is  hard  to  work  over. 

In  selecting  a  floor  for  power,  factory  and  warehouse  build¬ 
ings,  the  engineer  or  architect  should  be  governed  by  the  manner 
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in  which  the  building  is  to  be  used,  as  the  power  or  warehouse 
may  require  but  few  workmen  in  their  operation,  and  they  may 
not  stand  on  or  work  over  the  floor  to  any  extent.  Such  build¬ 
ings  require  floors  which  "will  stand  hard  usage,  and  which 
are  dustless.  The  factory  will  also  require  these  characteristics, 
but  it  will  also  demand  a  floor  which  will  be  easy  on  the  feet 
of  the  operatives. 

For  residence  work,  we  have  not  been  able  to  get  away 
from  the  wood  floors  in  the  living  quarters,  although  in  many 
of  the  houses  of  the  better  class,  either  quarry  tile,  marble 
mosaic,  or  marble  is  used  in  the  corridors,  and  occasionally  in 
the  principal  rooms.  In  the  service  portions,  cork,  composition 
and  wood  covered  with  linoleum  are  used.  The  latter  method 
of  finishing  the  service  portions  of  the  house  is  the  one  I  have 
been  using,  with  satisfactory  results,  for  a  number  of  years, 
although  I  have  just  completed  a  house  in  which  we  used  cork 
in  the  butler’s  pantrj7;  wood,  covered  with  linoleum  in  the 
kitchen ;  and  composition  in  the  refrigerator  room  and  servant ’s 
stair  hall ;  in  this  case  the  treads  and  platforms  of  the  iron 
service  stairs  are  composition.  The  wood  covered  with  linoleum 
is  proving  the  most  satisfactory.  In  the  main  living  rooms  we 
have  been  using  floors  of  oak,  (both  plain  and  quartered)  and 
maple,  which  if  properly  finished  makes  a  good  looking  and 
durable  floor;  in  the  bed  rooms,  oak,  maple  and  quartered  yel¬ 
low  pine  are  installed;  the  yellow  pine  is  more  largely  used 
than  the  other  floors,  although  it  marks  up  more  quickly ;  when 
finished  a  trifle  darker  than  natural  it  presents  a  very  good 
appearance. 

Before  closing,  I  will  discuss  briefly  some  of  the  floors 
suitable  for  stores,  offices  and  hotels,  beginning  with  the  cheap¬ 
est  of  the  more  ornamental  floors,  terazzo,  which  in  its  simplest 
state  costs  about  the  same  as  composition. 

Where  a  certain  amount  of  architectural  effect  is  desired 
at  the  minimum  cost,  it  can  be  obtained  by  the  use  of  terazzo, 
and  the  effect  can  be  enhanced,  at  an  increased  cost,  of  course, 
by  using  chips  of  variegated  colors  in  combination  with  borders 
and  ornamental  panels  of  marble  mosaic,  until  really  beautiful 
effects  are  obtained. 
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There  are  objections  to  a  terazzo  floor  which  do  not  apply 
to  a  composition  floor;  it  is  harder  and  more  liable  to  crack  than 
composition,  but  these  objections  are  not  detrimental  to  its  use 
in  many  places,  and  do  not  affect  its  value  as  a  first  class 
moderate  priced  floor. 

There  are  on  the  market,  tiles  of  different  kinds  which  make 
good  floors,  the  quarry  and  vitreous  tiles,  the  ceramic  mosaic 
and  the  Moravian  tiles.  The  use  of  the  encaustic  tiles  for  floor¬ 
ing  has  largely  died  out,  although  these  floors  were  commonly 
used  twenty  years  ago.  The  use  of  vitreous  tiles  is  now  largely 
confined  to  bath  rooms  and  toilet  rooms  where  they  give  good 
service  and  present  a  good  appearance.  Ceramic  mosaics  in 
one  inch  squares,  hexagons,  and  circles  are  used  quite  exten¬ 
sively  for  floors  in  stores,  hotels,  etc.,  where  a  good  looking, 
serviceable  floor  is  desired  at  a  medium  price ;  the  cost  of  these 
floors  ranging  between  the  cost  of  composition  and  terazzo  floor¬ 
ing,  and  the  more  expensive  marble  mosaic  and  marble  block 
floors.  The  ceramic  tile  is  very  hard  and  presents  a  harsher 
appearance  than  do  the  marble  mosaics. 

Floors  of  Moravian  tile  have  been  used  to  some  extent  in 
the  last  few  years,  although  I  do  not  believe  that  this  type  of 
floor  has  been  much  used,  in  this  vicinity.  The  largest  installa¬ 
tion  1  have  ever  seen,  and  I  suppose  it  is  one  of  the  largest  in 
the  country,  is  in  the  corridor  of  our  State  Capitol;  the  effect 
in  this  building  is  good,  the  rich  red  color  of  the  body  of  the 
floor  being  relieved  by  insets  of  different  colors  representing 
the  arts  and  industries.  The  appearance  of  the  individual  tile 
is  not  particularly  prepossessing,  they  being  quite  rough,  but 
the  effect  in  the  mass  is  artistic,  the  irregularities  and  rough¬ 
ness  of  the  tile  adding  to  that  effect.  These  tile  are  hand  made 
and  are  not  burned  hard,  so  that  their  wearing  qualities  do  not 
equal  those  of  most  other  tiles. 

One  of  the  best  looking  floors  that  can  be  obtained  at  a 
reasonable  price,  and  a  floor  that  will  practically  last  forever, 
is  that  laid  with  quarry  tiles ;  these  tiles  are  a  rich  red  in  color, 
and  the  sizes  most  commonly  used  are  6  by  6  in.  and  9  by  9  in. 
Most  of  the  quarry  tile  used  in  this  country  have  come  from 
Wales,  but  they  are  nowT  being  manufactured  here.  The  use  of 
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quarry  tile  is  rapidly  increasing,  and  where  formerly  it  was 
principally  used  for  porches,  sun  rooms,  etc.,  it  is  now  being 
used  in  the  corridors  and  living  rooms  of  residences,  and  in  the 
corridors  of  office  buildings,  school  buildings,  etc. 

Where  the  most  artistic  result  is  desired  and  the  first  cost 
is  not  so  much  of  an  object,  beautiful  effects  may  be  secured  by 
the  use  of  marble  mosaics,  the  cost  of  course,  depending  upon 
the  elaboration ;  the  plain  floors  with  borders  of  simple  design 
being  laid  at  prices  which  are  quite  reasonable.  By  the  intro¬ 
duction  of  elaborate  designs  in  the  body  and  borders  the  cost 
of  this  floor  is  run  up  extremely  high ;  the  cost,  however,  being 
generally  justified  by  the  effect  secured,  which  is  truly  beautiful 
if  properly  handled. 

Floors  of  this  type  have  been  in  use  for  hundreds  of  years ; 
they  are  serviceable  and  sanitary,  and  present  a  soft  appearance 
which  is  most  pleasing. 

Floors  of  marble  blocks  for  the  more  monumental  buildings 
are  dignified  and  attractive,  and  the  cost  is  not  excessive  if 
domestic  marble  in  one  color  is  used.  The  use  of  the  expensive 
foreign  marbles,  with  geometric  designs  worked  out  in  colors, 
runs  the  cost  of  floors  of  their  type  quite  high,  but  the  results 
secured  are  most  effective. 

The  question  then  which  confronts  the  engineer  and  archi¬ 
tect  of  selecting  the  most  suitable  floor  for  buildings  of  different 
types  should  not  be  troublesome  if  the  selection  is  made  with 
judgment,  tempered  with  the  common  sense,  which  is  the  saving 
grace  which  rescues  us  from  all  our  difficulties. 

Mr.  Howard  C.  Frank:*  Composition  flooring  offers  itself 
as  a  substitute  for,  and  superior  to,  wood  floors  in  point  of 
sanitation,  resistance  to  fire  and  in  many  cases  resistance  to 
wear;  as  a  substitute  for,  and  superior  to,  concrete  surfacing 
in  point  of  sanitation  and  resistance  to  wear;  as  a  substitute 
for,  and  equal  to,  viterous  tile  and  marble  tile  in  point  of  sani¬ 
tation  and  service,  and  as  being  superior  to  tiles  in  point  of 
cost.  Barring  terazzo  in  its  various  forms,  it  makes  a  distinctive, 
if  not  solitary,  departure  from  the  familiar  forms  of  flooring, 
filling  a  gap  we  have  been  long  conscious  of,  where  in  public 

♦Architect,  Frank,  Lloyd  &  Stophlet,  House  Building,  Pittsburgh. 
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and  semi-public  buildings  of  certain  types,  wood,  concrete,  tile 
and  marble  were  unsuitable  flooring  materials ;  wood,  being 
combustible,  unsanitary,  comparatively  short  lived  and  entail¬ 
ing  a  liigli  maintenance  charge  for  refinishing  and  repairs ;  con¬ 
crete,  being  dusty  and  absorbent;  and  tile  and  marble  being 
rather  too  costly. 

To  justify  an  unqualified  claim  to  recognition  as  the  equal 
of,  or  superior  to,  the  older  forms  of  flooring,  composition  floor¬ 
ing  should  be  inoffensive  to  any  sense  that  is  satisfied  by  the 
other  materials.  Feeling  that  the  present  material  which  we 
know  as  composition  flooring  is  probably  but  a  temporary  state 
in  the  transition  toward  the  material  which  we  shall  ultimately 
know  by  this  name,  I  venture  to  suggest  a  quality  it  possesses 
which  is  open  to  further  development  and  refinement. 

Any  material  prepared  by  craftsmen  without  machinery  or 
instruments  of  precision  is,  of  course,  subject  to  the  inequalities 
and  irregularities  due  to  the  human  equation,  no  matter  how 
studied  and  diligent  the  effort  toward  perfection.  This  element 
prevails  in  composition  flooring  no  more  than  in  other  ma¬ 
terials,  yet  it  is  the  element  which  to  me  is  the  conspicuous 
defect.  I  have  reference  to  the  undulations  of  surface  in  a 
finished  composition  floor  of  any  considerable  area.  This  ir¬ 
regularity  is  constantly  and  inevitably  present  in  the  case  of 
concrete,  plaster,  terazzo,  tile,  mosaics,  indeed  in  any  form  of 
plastic  or  mortar-set  material;  but  while  the  undulations  from 
a  true  plane  in  concrete  are  fulty  as  great  as,  if  not  greater 
than,  those  in  composition  flooring,  the  relatively  rough  texture 
of  the  material  to  a  great  extent  absorbs  the  defect  and  we  are 
often  completely  unconscious  of  it.  So  in  tile  or  mosaic  work, 
the  defects  in  plane  are  absorbed  by  the  many  mortar  joints 
between  units  to  such  an  extent  that  a  quite  irregular  surface 
may  appear  almost  perfect.  Composition  flooring  lacking  the 
“ absorbers”  possessed  by  its  competitors  (by  reason  of  its 
having  a  considerable  polish  and  being  in  continuous  mass) 
leaves  something  to  be  desired  in  the  matter  of  plane,  having 
the  slight  undulation  resulting  from  hand  troweled  material. 
On  average  work  this  criticism  would  be  unfair  since  the  ma¬ 
terial  is  consistent  with  the  quality  of  the  contiguous  work- 
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manship  and  is  infinitely  superior  in  appearance  to  the  finest 
of  concrete  finishes,  but  possessing  the  virtues  it  does,  it  should 
have  a  larger  field  than  as  a  concrete  substitute.  There  seems 
to  he  no  good  reason  why  it  should  not  qualify  with  tile  and 
marble  in  the  highest  grades  of  work  and  leave  nothing  to  he 
desired  in  satisfaction  of  one’s  aesthetic  sense,  if  a  satisfactory 
mechanical  method  can  be  devised  to  accomplish  the  final  sur¬ 
facing  to  a  true  plane. 

As  a  solution,  I  have  wondered  whether  possible  the 
answer  is;  to  add  another  in-  or  tV  in.  to  the  top  coating 
and  having  floated  it  down  to  an  approximate  plane  and  allowed 
it  to  set,  grind  it  to  a  positive  plane  with  a  mechanical  wood 
floor  finishing  machine  provided  with  emery  cloth  discs  instead 
of  sand  paper,  and  follow  this  with  a  similar  mechanical  buffing 
or  polishing  device,  even  though  the  cost  were  increased  one  or 
two  cents  per  square  foot. 

Under  such  treatment  the  top  coat  should  necessarily  be  of 
the  same  density  beneath  the  surface,  as  is  the  surface  itself,  to 
insure  a  non-porous  final  finish  after  grinding. 

It  is  not  to  be  assumed  from  the  foregoing  statements,  that 
composition  flooring  cannot  be  used  in  substitution  of  tile  with 
reasonably  good  results  under  the  present  method  of  surfacing, 
for  my  office  has  now  under  specification  some  10  000  square 
feet  of  such  work,  from  which  we  expect  good  results,  but  we 
shall  be  more  ready  to  specifiy  it  on  the  very  best  class  of  work 
when  the  refinements  of  application  have  advanced  it  further 
toward  its  ultimate  goal. 

This  criticism  is  decidedly  not  intended  as  a  condemnation 
of  composition  flooring,  but  rather  a  genuine  endorsement,  for 
I  believe  the  material  has  a  large  future  field  and  that  through 
its  continued  use,  refinements  of  manufacture  and  application 
will  discover  themselves  to  the  manufacturers  and  to  the  users, 
which  will  result  in  a  material  whose  sanitary,  fire  resisting, 
economical  and  aesthetic  merits  will  be  unquestioned. 

Mr.  William  P.  Miller:*  We  have  had  a  varied  exper¬ 
ience  with  composition  flooring'  extending  over  about  eight 
years,  our  last  experience  some  two  years  ago  being  the  Econ- 

♦Architect,  Smith  &  Miller,  New  York. 
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omic  Open  Stair  Tenament  erected  for  ¥m.  K.  Vanderbilt  at 
77th  and  78th  Streets  just  east  of  Ave.  A,  a  group  of  four  fire¬ 
proof  buildings  covering  a  piece  of  property  225  feet  in  length 
on  each  street  and  204  feet  from  street  to  street,  providing  for 
382  suites  of  2,  3,  4  and  5  room  apartments  with  baths,  some 
1200  rooms  in  all,  exclusive  of  baths,  closets,  etc.,  built  pri¬ 
marily  to  provide  homes  for  poor  people,  suffering  slightly  from 
tuberculosis.  Of  course  it  was  extremely  important  to  provide 
the  most  modern,  comfortable  and  sanitary  construction  pos¬ 
sible  under  the  circumstances,  and  composition  flooring  with 
sanitary  coved  base  and  coved  corners  seemed  to  be  the  most 
likely  material  to  adopt,  provided  such  a  large  piece  of  work 
could  be  successfully  laid. 

Our  former  experience  with  composition  flooring  led  us  to 
move  rather  cautiously  before  adopting  the  material  on  such 
a  large  scale,  but  after  a  study  of  the  various  types  of  compo¬ 
sition  flooring  then  on  the  market  extending  over  a  period  of 
two  months,  we  concluded  from  our  investigation  that  the  suc¬ 
cess  of  the  material  depended  on  the  skill  and  experience  of  the 
workman,  proper  and  careful  superintendence  of  the  founda¬ 
tion  and  the  responsibility  and  experience  of  the  contractor. 

The  composition  material  was  finally  installed  and  the  re¬ 
sult  has  been  most  satisfactory.  The  firm  called  the  Marbleloid 
Company  of  our  city  was  selected  to  do  the  wTork,  after  a  great 
deal  of  difficulty  with  the  general  contractor;  who  desired  (as 
always  seems  to  be  the  custom)  to  substitute  a  single  course 
floor  with  a  guarantee,  but  the  method  of  manufacture,  our 
experience  and  the  sensible  and  obvious  advantages  of  the  under 
fibrous  coat  prevented  us  from  making  the  experiment.  The 
contractors  selected  were  required  to  supervise  in  co-operation 
with  the  architects  the  construction  of  the  concrete  base,  which 
was  of  a  cinder  concrete  iy2  to  2  in.  thickness  laid  direct  on  the 
fireproof  floor  system,  and  floated  to  a  level  surface  y2  in.  below 
the  finished  floor.  The  concrete  was  composed  of  one  part 
Portland  cement,  two  parts  sand  and  four  parts  cinder  as  I 
recollect.  No  pipe,  or  conduits,  being  allowed  to  come  within 
this  foundation,  we  also  compelled  the  Marbleloid  Company  to 
assume  all  responsibility  and  guarantee  the  work  for  a  period 
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of  several  years.  After  a  period  of  two  years,  the  material 
looks  as  well  today  as  when  first  laid,  there  is  no  apparent  wear, 
no  cracks,  or  the  usual  trouble  we  had  encountered  in  some  of 
our  former  work,  due  to  the  lack  of  knowledge  of  the  material 
and  the  skill  of  the  workman. 

We  believe  strongly  in  the  material  also  for  wainscoating 
and  floors  in  bath  rooms.  We  endeavored  to  use  it  in  the  bath 
rooms  for  wainscoating  and  flooring  but  were  compelled  to 
abandon  it  for  the  floors  because  of  the  ridiculous  wording  of 
the  tenement  law,  which  defines  certain  fixed  materials,  (a  State 
act  from  which  there  is  no  appeal)  no  discretionary  power  being 
invested  in  the  Commissioner,  and  consequently  is  a  hinderance 
to  development  both  in  scientific  planning  and  the  use  of  modern 
material,  all  of  which,  I  hope,  you  are  free  from  in  the  State  of 
Pennsylvania. 

•  While  not  on  the  subject  of  composition  floors,  1  might 
state,  and  it  may  be  of  interest,  that  the  Tenement  Law  of  the 
State  of  New  York,  an  act  of  1900,  has  prevented  us  from  per¬ 
fecting  the  open  stair  t}'pe  of  building,  resulting  in  great  ecou- 
omy  of  space  in  the  plan  and  consequently  lower  rents  and 
better  living  conditions  generally.  Although  fought  by  us  most 
strenuously  in  the  Legislature  for  several  years  by  amendments 
to  the  law,  we  have  been  unsuccessful  so  far,  but  the  fight  for 
progressiveness  and  better  housing  is  still  on,  and  we  hope  event¬ 
ually  to  achieve  results. 

To  return  again  to  composition  flooring,  we  were  prevented 
from  using  the  material  for  wainscoating  by  the  Plasterers’ 
Union,  who  claimed  that  the  material  must  be  applied  by  plas¬ 
terers.  However  rather  than  risk  the  application  of  the  material 
by  workmen  who  had  no  experience  with  it,  we  substituted 
Keenes  Cement,  not  by  half  so  good  a  material  for  the  purpose. 

Mr.  F.  R.  Muller  :*  Composition  floors,  if  properly  manu¬ 
factured  and  carefully  handled,  supply  an  ideal  material  for 
hospitals,  court  houses,  public  schools  and  private  residences. 
To  get  absolute  satisfaction  from  a  composition  floor  it  is  neces¬ 
sary  that  very  great  care  be  taken  in  its  manufacture.  The 
composition  should  consist  of  a  good -percent  of  the  best  grade 

♦President,  Franklin  R.  Mueller  &  Co.,  Waukegan,  Ill. 
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of  calcined  Grecian  magnesite,  which  must  be  thoroughly  mixed 
with  other  ingredients  so  that  when  used  in  a  floor  it  will  be 
soft  enough  to  withstand  abrasion  from  the  tread,  yet  not  hard 
enough  to  crack  under  even  pressure. 

One  great  fault  with  a  great  many  composition  floors  is 
the  endeavor  on  the  part  of  the  manufacturer  to  produce  some¬ 
thing  that  will  beat  every  body’s  price,  and  in  doing  so  he  in¬ 
variably  cuts  in  two  the  composition.  A  composition  floor, 
where  properly  treated,  should  have  approximately  the  same 
care  that  a  hard  wood  floor  receives.  Where  it  is  in  heavy  use 
it  should  receive  a  coat  of  linseed  oil  with  one-third  benzine 
as  a  dryer  lightly  applied  at  least  once  every  six  weeks.  It 
should  also  receive  an  occasional  coat  of  liquid  wax.  This  keeps 
the  composition  with  a  bright,  clear  surface,  and  prevents  dust 
and  dirt  from  working  into  the  surface.  A  composition  floor 
does  not  give  good  results  in  shower  baths,  or  in  places  where 
it  is  continuously  subjected  to  moisture.  The  continuous  mois¬ 
ture  causes  the  salt  and  chloride  to  redissolve  and  will  leave 
the  balance  of  the  ingredients  in  a  free  state  that  only  occurs 
where  the  application  of  water  is  constant. 

Mr.  William  von  Baumbach:*  The  usual  composition 
flooring  is  known  as  the  oxychloride  cement  as  discovered  by 
Professor  Sorel  and  is  being  introduced  under  a  great  variety 
of  trade  names,  subsequent  patents  and  secret  processes  by 
different  firms. 

1  believe  that  there  is  no  doubt  that  this  material  is  a 
desirable  one  in  the  building  trade  and  the  important  point  iu 
its  introduction  is  the  standardizing  of  its  chemical  consistency, 
that  is  to  enable  architects  and  builders  in  specifying  this  ma¬ 
terial  by  specifications  and  the  chemical  consistency  of  the  ma¬ 
terial  that  shall  be  used. 

The  chemical  consistency  of  the  finished  product  of  com¬ 
position  flooring  depends  upon  using  the  correct  proportions  of 
oxide  and  chloride  of  magnesia,  necessary  to  form  a  perfect 
combination  and  also  the  percentage  of  filling  materials,  such 
as  asbestos,  silica,  wood  fiber  or  other  substances. 

The  University  of  Wisconsin,  at  my  suggestion,  have  been 

♦President,  The  American  Monolith  Company,  Milwaukee,  Wis. 
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taking  up  this  subject  in  the  Engineering  Department,  and  [ 
have  submitted  to  them  all  of  the  data  gathered  during  fourteen 
years  experience  in  this  business,  and  they  are  making  an  ex¬ 
haustive  series  of  tests  of  composition  flooring  material.  The 
object  of  these  tests  it  to  establish : 

What  shall  be  the  chemical  consistency  of  the  best  compo¬ 
sition  flooring  material? 

What  filling  materials  will  combine  with  the  oxychloride 
cement  ? 

What  combination  of  oxychloride  cement  and  filling  ma¬ 
terials  form  the  strongest  and  most  durable  finished  product? 

The  Bureau  of  Standards  at  Washington  have  tested  com¬ 
position  flooring,  but  have  done  so  without  reference  to  its 
chemical  consistency,  simply  testing  samples  produced  by  dif¬ 
ferent  manufacturers.  The  only  tests  which  will  ever  prove  of 
value  are  those  based  on  the  chemical  consistency  of  the  article 
tested. '  This  kind  of  a  test  will  be  the  only  one  that  will  enable 
the  architect  or  builder  to  specify  a  safe  standard. 

Mr.  C.  L.  Wooldridge:*  Mr.  Hooker’s  paper  on  compi- 
sition  flooring  covers  the  subject  so  fully  and  ably,  that  it  is 
difficult  to  add  any  further  information. 

Shortly  after  my  association  with  the  School  District  of 
Pittsburgh,  I  was  impressed  with  the  approaching  necessity  of 
finding  a  substitute  for  maple  flooring  as  used  in  school  rooms. 
Ten  years  ago  clear  maple  flooring  in  long  lengths  could  be 
bought  for  the  sum  of  $40  per  thousand  feet.  Today  a  very 
much  poorer  grade  of  maple  floor  costs  $52  per  thousand  feet, 
and  w'e  are  compelled  to  accept  pieces  as  short  as  two  feet  in 
length,  although  the  short  length  stuff  is  a  comparatively  small 
part  of  the  whole.  If  the  increase  in  price  and  the  decrease  in 
quality  in  wood  flooring  is  progressive  as  indicated  by  the  above, 
it  is  only  a  question  of  a  few'  years  until  the  architects  de¬ 
signing  school  houses  will  be  forced  into  the  use  of  composition 
flooring  or  some  similar  device. 

In  1912  the  School  board  laid  an  experimental  composition 
floor  in  the  kindergarten  room  of  the  Moorhead  School.  This 

♦Superintendent  of  School  Buildings,  Board  of  Public  Education,  Pitts¬ 
burgh. 
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floor  is  in  a  basement  room  without  subcellar  underneath,  and 
the  question  of  dampness  and  warmth  naturally  received  a 
severe  test.  These  points  are  vital  in  kindergarten  rooms,  as  the 
children  range  in  age  from  four  to  six  years,  and  their  work 
and  play  is  such  that  they  frequently  sit  on  the  floor  for  more 
or  less  long  periods.  This  floor  has  been  in  use  for  over  a  year, 
and  to  date  has  proven  entirely  satisfactory  to  the  teachers  and 
children.  It  is  worthy  of  note  in  this  connection  that  what  is 
known  as  the  kindergarten  circle,  has  been  inlaid  in  colors  m 
the  floor  structure.  Of  course  this  design  is  not  intricate,  but 
I  believe  that  much  can  be  accomplished  in  the  way  of  artistic 
borders  or  panels  in  laying  composition  flooring.  We  next  had 
experience  with  composition  flooring  when  we  remodeled  the 
Franklin  School.  The  second  and  third  floor  corridors  have 
been  laid  with  a  composition  floor  which  has  been  very  satis¬ 
factory  in  every  way.  In  point  of  cleanliness  .and  lack  of  noise, 
I  believe  it  is  far  superior  to  wood  or  tile. 

About  six  months  ago  the  question  came  up  as  to  the  prac¬ 
ticability  of  using  composition  flooring  in  class  rooms  where  desks 
had  to  be  permanently  fastened  thereto.  In  order  to  get  some 
data  on  this  we  installed  in  the  Latimer  School,  on  the  North 
Side,  a  composition  floor,  integral  with  the  sanitary  base,  in  one 
of  the  eighth  grade  class  rooms.  This  floor  is  laid  over  a  con¬ 
crete  floor,  and  has  the  desks  fastened  down  with  ordinary  wood 
screws.  To  give  the  floor  a  more  severe  test,  we  selected  a  desk 
and  seat  mounted  on  as  small  a  base  as  possible,  in  order  to 
increase  the  leverage.  To  date  the  floor  has  proven  very  satis¬ 
factory,  but  I  would  not  care  to  report  definitely  on  this  floor 
until  it  has  been  in  use  for  a  year  or  longer. 

Unfortunately  the  installation  of  composition  flooring  can 
be  attempted  by  any  contractor  who  cares  to  try  it,  which  has 
resulted  in  the  installation  of  a  great  deal  of  inferior  work,  and 
1  believe  that  this  fact  has  done  more  to  retard  the  development 
of  this  particular  building  material  than  anything  else. 

The  comparative  tables  which  Mr.  Hooker  has  shown  us, 
are  all  based  on  a  high  grade  of  composition  flooring.  Many  of 
the  floors  which  have  been  laid,  and  will  be  laid,  would  not  rank 
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so  high  in  the  lists  because  the  contractors  have  experimented 
at  the  expense  of  their  clients. 

I  think  it  behooves  any  architect  or  engineer  who  is  contem¬ 
plating  the  use  of  this  material,  to  look  carefully  into  the  ex¬ 
perience  of  the  contractor  la}Ting  same,  as  I  do  not  believe  there 
are  more  than  one-half  dozen  companies  in  the  country  who  are 
really  qualified  to  manufacture  and  install  composition  flooring 
equal  to  the  ones  referred  to  in  the  author’s  comparative  lists. 

Mr.  A.  Fellheimer:*  We  have  used  composition  flooring 
exclusively  in  office  buildings  and  recently  had  some  sample 
sections  placed  subject  to  the  traffic  of  passengers  in  the  Grand 
Central  Terminal.  As  far  as  wearing  qualities  are  concerned, 
this  material  is  entirely  satisfactory,  providing,  of  course,  that 
it  is  properly  laid,  to  begin  with. 

The  following  letter  received  from  Mr.  Paul  Smith,  Super 
intendent  of  the  N.  Y.  W.  &  B.  Ry.  Company,  is  self-explana¬ 
tory: 

“In  reply  to  your  inquiry  asking  our  opinion  of  the  merits  of  the 
composition  flooring  in  our  stations  would  say  that  I  have  changed  my 
opinion  of  same  a  great  deal  within  the  last  year. 

A  year  ago  I  formed  a  poor  opinion  of  it  when  it  was  new,  due 
to  the  fact  that  some  of  the  composition  was  working  out  on  the 
surface,  and  the  floors  did  not  look  very  good  and  were  hard  to  main¬ 
tain;  but  for  some  months  past  they  have  been  very  satisfactory  and 
I  believe  that  it  is  an  ideal  floor  to  have  in  an  office  building. 

We  use  an  oil  soap  for  scrubbing  the  floors,  they  are  very  clean 
and  the  scrubbing  can  be  done  often,  as  the  floor  does  not  retain  the 
moisture,  and  I  think  they  are  a  decided  improvement  over  wooden 
floors. 

Would  further  add  that  we  use  a  soft  broom  for  cleaning,  which 
eliminates  the  dust  feature  that  we  get  from  a  straw  broom  when 
sweeping  a  wooden  floor.” 

We  have  had  some  complaints,  also,  from  our  clients,  due 
to  shocks  obtained  while  using  the  telephone  and  standing  on 
the  composition  flooring.  I  personally  experienced  this  same 
trouble. 

At  this  writing  T  know  of  only  three  concerns  with  whom 
I  should  be  willing  to  intrust  the  placing  of  composition  floor¬ 
ing.  It  has  received  a  severe  set  back  on  account  of  incompetent 

♦Architect,  Stem  &  Fellheimer.  New  York. 
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people  handling  the  material,  and  it  requires  the  most  careful 
kind  of  laying  in  order  to  give  satisfactory  results. 

To  sum  up,  I  know  of  no  other  material  which  can  replace 
wood  as  satisfactorily  as  composition  flooring. 

Mr.  Stucki*  :  I  am  surprised  not  to  have  heard  something 
about  the  application  of  this  material  to  another  branch  of  in¬ 
dustry,  where  it  is  very  much  needed,  the  passenger  car.  Just 
yesterday  we  had  a  serious  wreck  near  us,  but  owing  to  the 
fact,  that  steel  cars  and  composition  flooring  was  used,  not  one 
person  was  killed,  while  with  wooden  floors  the  splinters  have 
always  proved  to  be  a  great  menace  to  life.  Wooden  floors  are 
also '  objectionable  on  account  of  the  danger  of  catching  fire. 
Steel  floors  would  be  too  noisy  and  too  cold,  and  it  is  for  this 
reason  that  composition  flooring  is  now  used  right  along  in  con¬ 
nection  with  the  steel  passenger  cars. 

Mr.  Edward  Godfrey  *.t  I  would  like  to  know  if  you  con¬ 
trol  the  mixture,  so  as  to  know  exactly  what  you  are  getting? 

Mr.  Stucki:  The  material  is  furnished  by  the  manufac¬ 
turers  under  the  trade  names  of  Karbolith,  Flexolith,  Marble- 
loid,  etc.,  and  the  exact  chemical  composition  is  not  known  to 
me. 

Mr.  Shaw:  I  would  like  to  ask  whether  the  majority  of 
these  composition  floorings  are  pure  magnesium  oxy-chloride  or 
are  there  other  chemical  elements  in  it? 

Dr.  R.  R.  Shively  :  Magnesium  oxide  and  chloride  form  a 
definite  compound  that  has  been  worked  out  by  different  men 
and  different  formulae  assigned,  but  they  practically  coincide. 
The  other  materials  used  are  inert  substances  such  as  sand, 
asbestos,  saw  dust  and  other  ingredients  that  are  absolutely  in¬ 
active  in  a  chemical  way. 

There  has  been  a  patent  taken  out  on  a  composition,  the 
advantage  of  which  is  to  send  it  out  in  a  powdered  form  to  be 
mixed  by  the  consumer  with  water.  They  use  in  this  calcined 
magnesium  in  connection  with  common  salt  and  magnesium 
sulphate.  This  magnesium  sulphate  and  sodium  chloride  react 

♦Consulting-  Engineer,  Oliver  Building-,  Pittsburgh. 
tStructural  Engineer,  R.  W.  Hunt  &  Co.,  Pittsburgh 
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and  give  magnesium  chloride  and  sodium  sulphate,  and  the 
magnesium  chloride  thus  formed  reacts  with  the  magnesium 
oxide  to  form  the  magnesium  oxy-chloride.  This  has  its  faults, 
because  a  very  soluble  salt,  sodium  sulphate  is  formed,  that 
effloresces  and  gives  a  had  surface.  While  it  gives  a  hard  surface 
it  has  faults  that  cannot  be  gotten  away  from. 

The  percentage  of  magnesium  oxide  and  magnesium 
chloride  used  by  American  manufacturers,  as  a  whole,  is  higher 
than  that  used  by  the  Germans;  and  I  have  attributed  a  great 
deal  of  the  trouble  in  this  country  to  the  fact  that  the  Ameri¬ 
cans  are  using  too  much  magnesium  oxide  and  too  little  mag¬ 
nesium  chloride. 

Mr.  Shaw  :  Do  you  ever  use  retarders  or  accelerators  ? 

Dr.  R.  R.  Shively:  There  are  things  that  retard  the  ac¬ 
tion.  Common  ordinary  clay  will  retard  the  setting  of  cement. 
That  same  ingredient  will  retard  the  setting  of  magnesium  oxide 
and  magnesium  chloride.  My  experience  has  been  that  the  ac¬ 
tion  should  be  hastened  rather  than  retarded. 

Mr.  Elmer  K.  Hiles:  I  would  ask  Dr.  Shively  regarding 
the  purity  of  the  two  chemicals,  which  I  understand  are  im¬ 
ported  chiefly  from  Europe,  magnesium  oxide  and  chloride, 
whether,  as  received  in  this  country,  they  carry  many  impuri¬ 
ties. 


Dr.  R.  R.  Shively  :  I  have  analyzed  a  great  many  mag¬ 
nesium  oxides  and  chlorides  that  come  to  this  country.  Here 
is  an  analysis  of  an  ordinary  commercial  magnesite : 


Moisture  100°  .  0.28 — % 

Loss  at  red  heat  .  0.76 — % 

tC02  .  2.54 

Lime  .  0.57 

Sand,  iron  and  alumina .  0.03 

Magnesium  oxide  .  95.62 


tC02  determined  gravemetrically.  Loss  at  red  heat  by  difference. 

This  was  a  very  fresh  sample,  upon  standing  it  would  take 
up  more  moisture  and  a  little  CO 2  from  the  air  and  in  a  short 
time  the  percentage  of  MGO  would  fall  to  87  or  90  percent. 

Magnesium  chloride,  as  we  get  it,  is  combined  with  water 
of  crystallization  and  has  seven  molecules  of  water  present. 
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There  is  usually  more  than  that,  about  38  percent  Mg  CU  in  the 
crystals.  It  contains  traces  of  calcium  chloride  and  small  traces 
of  potassium  chloride  and  sodium  chloride.  These  chlorides  are 
separated  by  their  solubility  and  it  is  quite  difficult  to  isolate 
one  chloride  without  having  traces  of  the  others,  but  I  have 
found  that  the  small  amount  of  other  chlorides  present  do  not 
effect  the  floor. 

Mr.  Elmer  K.  Hiles:  Are  any  of  these  substances  which 
are  present  in  any  way  injurious  to  the  composition  flooring 
when  used  in  proper  combination? 

Dr.  R.  R.  Shively  :  No,  I  do  not  believe  they  are.  As  far 
as  moisture  is  concerned  it  is  possible  to  take  these  ordinary 
magnesites  and  mix  with  water  and  let  stand  several  days,  and 
the  reaction  with  magnesium  chloride  will  still  take  place.  In 
the  case  of  CO 2,  it  reacts  with  magnesite  and  forms  magnesium 
carbonate,  a  fairly  inactive  substance.  Iron  and  lime  are  present 
in  such  small  traces  that  their  action  would  not  be  noticed.  So 
the  presence  of  these  impurities  does  not  seem  to  affect  the  ma¬ 
terial  at  all. 

In  my  opinion  the  trouble  is  due  to  the  custom  of  incompe¬ 
tent  workmanship  and  the  improper  preparation  of  the  floor  on 
which  it  is  to  be  laid.  In  my  experimental  work  I  have  been 
very  careful  in  all  the  floors  I  have  put  down,  and  I  have  not 
had  the  least  bit  of  trouble  with  them  so  far.  I  might  the  next 
time.  But  I  think  I  have  worked  out  the  composition  to  the 
stage  that  it  could  be  worked  by  scientific  labor  so  there  would 
be  no  trouble  at  all. 

I  might  say  also  that  I  have  analyzed  practically  all  the 
composition  floors  on  the  market  in  this  country,  and  in  Ger¬ 
many.  The  percentage  of  magnesium  oxide  in  some  of  the 
samples  is  up  to  55  percent,  and  I  have  seen  samples  where  it 
was  near  60  percent,  in  other  cases  it  is  down  to  25  percent.  The 
density  of  the  substance  used  has  a  great  deal  to  do  with  the 
amount  of  magnesite  necessary. 

Mr.  Elmer  K.  Hiles:  You  spoke  of  the  difference  in  prac¬ 
tice  between  European  and  American  manufacturers  in  that  the 
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American  manufacturers  apparently  use  more  magnesite.  About 
what  is  the  usual  percentage  used  in  Europe  and  in  America  ? 

Dr.  R.  R.  Siiively  :  1  have  only  given  you  the  percentage 
of  magnesium  oxide  present.  The  percentage  of  the  magnesium 
oxide  and  the  magnesium  chloride  which  1  consider  essential 
is  a  thing  which  represents  about  two  years  work  and  is  a 
secret  to  a  certain  extent  which  I  should  like  to  be  able  to  give 
out  but  which  does  not  belong  to  me.  It  belongs  to  the  man 
who  established  my  fellowship.  The  average  percentage  of 
magnesium  oxide  is  about  40  percent.  The  magnesium  chloride 
I  am  not  at  liberty  to  give. 

Mr.  H.  M.  Hooker  :*  It  is  interesting  to  note  that  every 
engineer  and  architect  who  has  taken  part  in  the  foregoing 
discussion  has  returned  a  strong  verdict  in  favor  of  composition 
flooring  for  a  wide  and  rapidly  growing  field  of  use  when  the 
material  is  properly  prepared,  and  properly  installed  on  a 
proper  foundation.  This  eorroberates  in  a  form,  gratifying  to 
any  one  closely  identified  with  the  product,  the  knowledge  that 
is  daily  driven  home  to  him  in  repeat  orders  and  widening 
4emands  from  the  users  who  have  become  most  familiar  with  it. 
Mr.  Wooldridge,  Dr.  Shively,  Mr.  Miller,  Air.  Trimble,  Mr. 
Frank  and  Mr.  Fellheimer  have  every  one  of  them  recognized 
more  or  less  definitely  that  composition  flooring  has  a  sound 
scientific  basis  and  that  the  field,  for  a  flooring  material  in¬ 
corporating  within  itself  the  properties  sought  in  composition, 
is  immense.  I  gather*,  too,  that  they  are  a  unit  in  recognizing 
that  the  best  material  of  the  best  manufacturers  reaches  the 
standards  indicated  by  the  tables  given  in  the  paper  which 
opened  this  discussion.  For  the  manufacturer  of  this  type 
of  material  who  is  maintaining  a  high  standard  and  seeking 
constantly  to  install  the  best  flooring  his  brains,  knowledge, 
and  organization  will  permit,  this  discussion  is,  and  will  be,  an 
inspiration,  for  it  proves  that  the  market  is  broad  and  that 
architects  and  public  want  the  material  when  it  is  good.  I 
hope,  too,  that  it  will  serve  as  a  warning  to  those  manufacturers 
who  either  through  ignorance,  or  shortsigted  economy,  are 
marketing  a  cheap  and  inferior  product.  The  poor  stuff  \s 

♦Author’s  closure. 
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bound  to  kill  its  own  market.  Inferior  material  and  workman¬ 
ship  delay  in  some  measure  the  extension  in  use  of  composition 
to  the  detriment  of  the  good  material,  but  there  can  be  no  per¬ 
manent  hold-up,  for  more  and  more  the  good  material  is  mak¬ 
ing  its  own  market.  Unfortunately  the  engineer,  architect  or 
owner  who  uses  the  material  today  must,  if  he  is  wise,  investi¬ 
gate  the  work  of  the  manufacturer  who  is  to  do  his  work  and 
assure  himself  that  this  manufacturer  can  and  will  deliver  a 
high  grade  product.  Mr.  C.  L.  Wooldridge  brings  out  in  his 
comment  on  page  436,  and  Mr.  William  P.  Miller  voices  the 
same  thought  on  page  432  in  connection  with  the  satisfactory 
use  of  some  300  000  sq.  ft.  of  the  'material  in  the  Economic 
Open  Stair  Tenement  built  for  Wm.  K.  Vanderbilt. 

While  there  will,  doubtless,  always  be  a  difference  between 
the  work  of  the  best  manufacturers  and  those  whose  standards 
are  lower,  with  the  passage  of  years  the  absolute  necessity  of 
special  care  in  awarding  contracts  to  get  even  a  half  way  decent 
floor  will  decrease.  Increased  use  and  familiarity  with  the  pro¬ 
duct,  improvements  and  experience  are  all  tending  toward  a 
standardization  of  the  material  in  the  direction  of  the  best. 
The  rise  in  quality,  uniformity  and  security  is  following,  and 
doubtless  will  continue  to  follow,  a  curve  quite  similar  to  that 
which  tells  the  history  of  portland  cement  from  the  uneven  ce¬ 
ment  and  uncertain  concrete  of  20  years  ago  to  the  standardized 
product  of  today.  Mr.  William  von  Baumbach’s  comment  as 
to  the  work,  looking  toward  standardization  of  composition  floor¬ 
ing,  that  is  being  done  by  the  Engineering  Department  of  the 
University  of  Wisconsin  is  particularly  significant.  So  like¬ 
wise  is  the  work  that  has  been  carried  forward  by  the  Mellon 
Institute  of  Industrial  Research  of  the  University  of  Pittsburgh 
under  the  immediate  direction  of  Dr.  Shively,  who  participated 
in  this  discussion.  It  is  doubtless  only  a  question  of  time  be¬ 
fore  the  U.  S.  Bureau  of  Standards  and  the  American  Society 
for  Testing  Materials  will  cast  their  influence  in  the  direction  of 
standardization  of  the  physical  characteristics  and  properties  of 
the  material,  if  not  of  its  chemical  make-up. 

I  have  gone  carefully  through  the  comment  of  all  who  have 
joined  in  the  discussion  in  order  to  get  at  all  the  adverse 
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criticism  of  composition  flooring  with  a  view  to  gleaning  any 
suggestive  information  that  might  help  those  of  us  who  are  in 
the  industry  to  improve  the  product,  and  with  a  view  to  throw¬ 
ing  such  light  as  may  be  possible  on  the  facts  behind  the 
criticisms.  Dr.  Shively  speaks  of  efflorescence  and  fading.  Mr. 
Trimble  mentions  a  hollowT  sound  when  the  floor  is  laid  over 
wood,  efflorescence  and  the  need  of  special  precautions  in  ad¬ 
vance  as  to  foundations.  Mr.  Miller  also  dwells  on  the  need  of 
care.  Practically  all  of  the  criticism  passed  is  comprehended  in 
the  simple  tabulation  below,  wherein  I  have  sought  to  indi¬ 
cate  the  cause  of  the  trouble  and  the  remedy,  for  it  so  happens 
that  in  each  case  there  is  a  remedy  known  and  generally  ap¬ 
plied  by  the  expert  high-grade  manufacturer. 


Criticism 

Efflorescence 

Fading. 


Hollow  sound  over 

wood  foundation. 


Special  advance 

precautions. 
Uneven  plane  to 

finished  surface. 


Cauce  when  it  occurs 

Excess  or  Impure 
Magnesium  Chloride. 
Temporary  only. 

Excess  Magnesium 
Chloride  or  improper 
coloring  matter. 

Occurs  with  one-coat 
floor.  This  is  almost 
universally  avoided  by 
best  manufacturers  by 
use  of  a  second  fibrous 
under-coat. 

Improper  foundation. 

Improper  leveling  and 
trowelling. 


Remedy 

Skill  on  job,  at  factory 
and  management. 

Skill  on  job,  at  factory 
and  in  management. 

Skill  in  management. 


Skill  in  management. 
Skill  on  Job. 


The  story  is  almost  wholly  told  in  capsular  form  above. 
Tn  the  case  of  some  of  the  points  raised  I  would  like  to  amplify 
the  tabular  statement  for  clearness. 


Mr.  Trimble’s  criticism  of  the  hollow  sound  over  a  wood 

foundation  is  well  taken  when  applied  to  the  single  coat  floor. 

the  type  first  used.  The  great  advantages  of  an  under  and 

* 

more  fibrous  coat  were  later  discovered  and  now  the  under  coat 
is  universally  used  by  the  best  manufacturers.  This  does,  or 
should  if  properly  installed,  completely  do  away  with  the  hol¬ 
low  sound  and  gives  a  floor  that  is  much  quieter  than  wood, 
concrete,  tile,  terrazzo,  or  marble. 

The  special  advance  precautions  consist  in  merey  requiring 
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a  proper  wood,  concrete,  or  metal  foundation  at  the  proper 
elevation  to  receive  the  composition,  which  foundation  shall  be 
delivered  to  the  composition  men  clean  and  free  from  lime  and 
similar  material.  The  best  manufacturers  furnish  regular 
specifications  and  all  the  facts  are  known  in  advance.  The 
architect’s  superintendent  has  merely  to  follow  instructions 
printed  in  detail  if  he  is  not  already  experienced  in  the  material. 
Surely  this  is  not  a  serious  matter. 

Regarding  Mr.  Frank’s  jsuggestion  that  the  surface  be 
planed,  or  ground,  down  to  a  plane  as  is  done  in  the  case  of 
terrazzo  and  wood  flooring,  the  idea  of  getting  a  perfect  plane  is 
fine.  His  idea  has  been  repeatedly  tried  out  and  was  hailed  in 
Germany  as  a  means  of  avoiding  the  necessity  of  expert  trowel¬ 
ling.  Up  to  date,  however,  the  floors  so  constructed  are  more 
porous  and  do  not  stand  up  under  use  as  well  as  the  expertly 
trowelled  surface.  When  properly  trowelled  the  surface  can 
be  brought  to  a  very  even  plane.  It  is  only  poor  and  somewhat 
inexpert  trowelling  that  gives  an  objectionable  surface  which  re¬ 
flects  the  light  unevenly. 

Composition  flooring  has  come  to  fill  a  great  field  as  a  semi- 
flexible  fireproof  concrete.  It  is  hoped  that  engineer,  architect, 
and  manufacturer  will  aid  in  securing  as  generally  as  possible 
a  high  grade  product  so  that  the  material  may  the  sooner  come 
into  its  own  and  the  public  have  the  benefit  of  its  more  extended 


use. 


MEASUREMENT  AND  CALCULATION 
OF  THE  POWER  REQUIRED 
TO  ROLL  STEEL 


By  H.  C.  Siebert*  and  Ciias.  Fitzgerald,  Jr.; 


The  present  period  is  one  of  constantly  advancing  ideals  and 
practice  regarding  the  subjects  of  efficiency,  economy  and  exact 
knowledge  in  the  power  engineering  of  large  steel  works.  Tn 
the  past,  the  dominating  influences  have  been  cheap  raw  material 
and  a  rapidly  increasing  business,  which,  until  a  few  years  ago, 
universally  exceeded  the  plant  capacity.  As  a  result  of  these 
conditions,  the  demand  has  not  been  so  much  for  efficiency  and 
economy  as  for  increased  tonnage,  and  for  simple  and  durable 
machinery  to  prevent  loss  of  output  by  reason  of  breakdown  io 
engine  or  mill. 

This  desire  for  very  strong  machinery,  especially  in  the  roll 
train  and  its  prime  mover,  combined  with  the  lack  of  knowledge 
in  regard  to  the  power  required  to  roll  steel,  placed  engine 
builders  at  a  disadvantage,  when  required  to  design  an  engine 
for  a  new  mill,  of  which  the  ‘operating  conditions  were  to  be 
quite  different  from  the  types  that  had  been  constructed  pre¬ 
viously.  The  rules  for  designing  engines  under  such  conditions 
have  been  largely  a  matter  of  personal  experience  with  the  de¬ 
signer,  and  it  must  be  said  to  his  credit  that  he  has  succeeded 
in  building  mill  engines  that  cause  but  little  delay  due  to  break¬ 
down.  That  the  economy  of  these  engines  has  not  kept  pace 
with  that  of  prime  movers  in  the  field  of  general  power  en¬ 
gineering  is  due  partly  to  the  fact  that  the  designer  had  no 
reliable  information  as  to  the  performance  of  such  engines  to 
guide  him,  and  partly  to  the  secondary  importance  that  has 
been  placed  on  matters  of  economy  in  general. 

Presented  at  the  regular  monthly  meeting  of  the  Society  October  21, 
and  published  in  the  November,  1913,  Proceedings. 

♦Steam  Engineer,  Duquesne  Works,  Carnegie  Steel  Company. 

iAsst.  Steam  Engineer,  Duquesne  Works,  Carnegie  Steel  Company. 
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However,  a  combination  of  conditions  is  gradually  com¬ 
pelling  a  departure  from  the  old  order.  Labor  and  raw  material 
are  becoming  more  expensive,  and  their  influence  on  the  cost 
of  production  is  being  partly  counteracted  by  the  institution 
of  more  economic  methods  of  operation. 

Nearly  all  steel  works  are  equipped  with  one  or  more  re¬ 
versing  blooming  mills  which,  as  a  rule,  consume  large  quan¬ 
tities  of  steam,  in  the  use  of  which  they  are  less  economical  than 
the  engines  driving  other  types  of  mills.  The  problems  which 
have  arisen  in  the  process  of  improving  the  reversing  engine, 
or  replacing  it  by  a  more  efficient  prime  mover  have  neces¬ 
sitated  the  collection  of  accurate  and  comparative  data  in  regard 
to  the  performances  of  all  types  under  consideration.  For  this 
reason  the  subjects  of  power  required  to  roll  steel  and  mill 
engine  economy  are  receiving  attention  today  from  several  steel 
companies,  and  are  inviting  the  interest  of  engineers  in  general. 

REVIEW7  OF  PUBLISHED  DATA  ON  MILL  POWER 

A  glance  at  the  appended  bibliography  will  show7  that  the 
power  requirements  of  rolling  mills,  and  subjects  more  or  less 
closely  associated  therewith,  have  been  receiving  considerable 
attention  for  many  years,  since  quite  a  number  of  noteworthy 
articles  are  to  be  found  in  the  older  technical  journals.  Some 
of  these  are  quite  interesting  and  instructive,  and  it  will  be  well 
worth  the  trouble  to  give  them  closer  inspection.  However, 
most  of  the  valuable  contributions  in  connection  with  both  ex¬ 
perimental  results  and  theoretical  analysis,  have  been  published 
only  recently. 

The  first  experiment  on  the  power  consumption  of  a  rolling 
mill  wras  made  about  1873  by  Prof.  Bock,  of  the  Leoben  School 
of  Mines,  and  wras  conducted  on  a  small  plate  or  sheet  mill.  At 
that  time  but  few’  instruments  of  value  for  such  tests  were 
available,  and  the  Professor  had  a  tachograph  made  for  the 
purpose.  It  consisted  of  a  train  of  gears,  belt  driven  from  the 
'  mill  engine  shaft,  which  drove  a  pair  of  rubber  rolls,  equipped 
with  adjustment  for  producing  the  required  friction  for  trans¬ 
porting  the  record  paper;  several  magnets  for  marking  various 
events;  and  a  clock  which  actuated  one  of  the  magnets  several 
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times  per  second.  Since  the  paper  speed  varied  in  direct  pro¬ 
portion  to  that  of  the  engine,  the  revolutions  of  the  latter  could 
easily  be  figured  from  the  distance  between  the  time  marks. 
Of  course,  continuous  indicators  were  not  available,  and  use  was 
made  of  the  ordinary  instrument.  Single  cards  were  taken  at 
frequent  intervals,  and  these  events  marked  on  the  speed  record 
by  means  of  one  of  the  magnets.  A  large  number  of  cards 
were  taken  in  order  to  cover  every  period  of  the  mill  cycle. 

The  next  test  was  made  by  Blass,  in  1-881,  on  skelp  and  rail 
mills,  all  of  which  were  3-high.  Until  the  work  of  Dr.  Puppe 
appeared  in  1909.  that  of  Blass  remained  on  record  as  the  most 
complete  experiment.  The  apparatus  used  consisted  of  a  tacho¬ 
graph,  which  was  built  according  to  the  design  of  Prof.  Bock, 
single  card  indicators,  and  hydraulic  manometers  for  indicating 
and  recording  the  pressures  on  the  roll  necks.  The  results  of 
these  tests  were  recorded  on  a  number  of  tables  which  give  very 
interesting  figures  for  and  distribution  of  the  power  consumed 
by  a  rolling  mill.  Here,  for  the  first  time,  the  importance  of  the 
fly-wheel  as  an  equalizer  of  power  peaks  of  roll  trains  was 
pointed  out;  also  the  frictional  loss  in  roll  journals  during  the 
rolling  period.  Blass  also  mentions  the  necessity  of  driving  tlu* 
tachograph  by  means  of  spur  gearing,  since  the  slippage  an  1 
variations  in  tension  in  belt  drives  caused  a  series  of  waves  in 
the  curve,  which  occurred  whenever  the  engine  changed  its  rate 
of  rotation,  and  which  disturbed  the  power  balance. 

It  is  to  be  regretted  that  but  few  engineers  have  appreciated 

the  value  of  this  early  work,  which  was  prepared  with  much 

care  and  painstaking  labor.  The  investigators  of  today  will  !»? 

much  surprised  at  the  striking  agreement  between  the  unit 
% 

values  as  given  in  Blass’  results  and  those  of  recent  experi¬ 
menters  who  have  obtained  their  data  with  much  more  elaborate 
instruments. 

In  the  twenty-eight  years  that  elapsed  between  the  publica¬ 
tion  of  Blass’  test  and  those  of  Dr.  Puppe,  very  little  was 
done  in  the  way  of  further  investigations,  although  rolling  mills 
and  their  prime  movers  have,  in  that  period,  undergone  many 
changes  in  construction  and  in  methods  of  operation,  thereby 
making  further  investigations  desirable,  it  is  true  that  many 
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small  tests  have  been  published  from  time  to  time  in  “Stahl  und 
Eisen”  and  in  the  “Journal  of  the  Iron  and  Steel  Institute ”, 
but  these,  with  very  few  exceptions,  deal  with  the  power  con¬ 
sumption  of  rolling  mills  in  a  general  way  only,  and  were  con¬ 
ducted  for  the  purpose  of  determining  the  commercial  applica¬ 
bility  of  different  types. 

The  numerous  articles  published  from  1899  to  1909  prove 
the  diversity  of  opinion  which  existed  on  the  subject  in  genera! 
and  on  the  value  of  different  types  of  drives  for  reversing  mills 
in  particular.  Of  the  noteworthy  tests  made  during  this  period, 
the  following  may  be  mentioned : 

General  economy  of  steam  engines,  electrical  motors  and  power 
consumption  of  different  types  of  mills,  by  Kieselbacli,  in  1899  and 
1905. 

Steam  consumption  of  reversing  blooming  mill  engines,  by  F.  G. 
Gasche,  in  1904. 

Results  of  tests  on  electric  mine  hoists  and  discussion  on  the 
equalization  of  power  peaks  of  electricallv  driven  reversing  mills,  by 
Ugner,  in  1904. 

Power  developed  by  reversing  blooming  mill  steam  engines;  pre¬ 
liminary  work  for  determining  the  size  and  type  of  motors  suitable 
for  such  service,  by  Ivoettgen,  in  1904.  Continuous  indicators  were 
used  on  these  tests. 

Results  of  power  and  steam  consumption  tests  of  steam  engine 
driven  3-high  and  reversing  mills,  by  Ortman,  in  1908  and  1909. 

Experiments  with  rolling  mill  plant,  by  F.  Carlton  Anderson, 
in  1909. 

In  addition,  a  number  of  very  interesting  calculations  on 
the  relative  economy  of  steam  engine  and  motor  driven  mills 
have  been  contributed  to  technical  journals  by  various  engi¬ 
neers.  These,  however,  have  only  an  indirect  bearing  on  our 
subject. 

The  most  important  and  complete  work  to  date  is,  without 
doubt,  that  by  Dr.  Puppe,  with  whose  excellent  book  “Experi¬ 
mental  Investigation  on  the  Power  Required  to  Drive  Rolling 
Mills”  you  are  probably  familiar.  It  may  be  stated  in  passing*, 
however,  that  minute  description  is  given  therein  of  the  methods 
followed  in  making  these  tests  and  calculations. 

In  this  work  is  given  the  first  experimental  proof  of  the 
extent  of  the  influence  of  temperature  and  shape  of  roll  pass 
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upon  the  power  required  to  roll  steel.  While  the  results  are 
derived  from  electrically  driven  mills,  the  unit  values,  of  course, 
are  applicable  also  to  mills  driven  by  other  types  of  prim* 
movers.  It  can  be  stated  that  no  other  work  on  this  subject 
has  been  prepared  with  so  much  care. 

In  the  same  year  that  author  published,  in  a  pamphlet, 
further  investigations  on  the  subject.  These  were  confined  to  a 
blooming  mill  which  was  driven  by  a  twin-tandem,  compound, 
reversing  engine,  which  exhausted  its  steam  into  low  pressur  * 
turbines.  The  methods  used  in  making  these  tests  were  essen- 
tiallv  the  same  as  in  the  case  of  the  motor  driven  mill  tests 
except  that  continuous  indicators,  open  and  closed  diagram,  were 
used  to  measure  the  work  done  by  the  prime  mover.  Puppo, 
following  Blass'  example,  also  measured  the  pressures  on  tin* 
roll  necks  in  connection  with  these  power  tests.  These  pres¬ 
sures  were  measured  by  means  of  recording  manometers,  th** 
cylinders  of  which  were  inserted  between  the  top  bearings  of  the 
top  roll  and  the  housing  screws,  in  place  of  the  ordinary  breaker. 
The  recording  elements  each  consisted  of  a  cylinder  and  straight 
line  pencil  mechanism,  such  as  is  used  on  engine  indicators,  a 
paper  drum  driven  by  clock  gearing,  and  several  magnets  ftv* 
marking  various  events.  Direct  connection  between  the  main 
pressure  cylinders  and  those  of  the  recording  elements  was 
made  by  means  of  copper  piping  of  small  bore. 

The  tables  for  these  test  results  give  very  interesting  figures 
for  the  stresses  present  in  component  parts  of  the  mill  and  en¬ 
gine,  also  for  the  amount  of  work  which  is  lost  due  to  roil 
journal  friction. 

In  1911,  the  same  author  published  results  of  tests  made  to 
determine  the  power  losses  in  rolling  mill  pinions.  These  were 
made  on  new  gears  with  cut  teeth,  on  the  erecting  floor  of  a 
shop  .  Tests  were  made  on  TT  tooth  and  straight  tooth  pinions, 
with  spindles  straight  and  inclined  at  various  angles,  and  af 
different  speeds.  While  results  with  worn  pinions  would  prob 
ably  have  given  different  values,  and  would  have  been  more  in 
accord  with  operating  mill  conditions,  the  tests  are  interesting 
nevertheless,  and  have  the  distinction  of  being  the  first  on  th  1 
power  losses  in  rolling  mill  pinions.  In  1912  Dr.  Puppe  pub¬ 
lished  the  results  of  his  tests  on  beam,  rod  and  plate  mills 
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These  were  made  on  3-high  mills,  which  were  driven  by  steam 
engines.  The  methods  followed  in  these  experiments  were  the 
same  as  in  his  previous  work  on  steam  engine  driven  mills. 

In  the  last  few  years  several  articles  of  interest  have  been 
published  by  engineers  in  this  country,  among  which  may  be 
mentioned : 

Power  required  for  rolling  steel,  by  J.  A.  Knesche,  in  1908. 
Tests  conducted  with  elaborate  instruments  and  considerable 
attention  to  detail. 

Power  required  for  rolling  mills,  by  W.  Sykes,  in  1912. 
Complete  and  careful  tests  of  motor  driven  reversing  mills. 

Testing  steel  mills  with  particular  reference  to  the  power 
requirements,  by  B.  N.  Westcott,  in  1912.  A  complete  descrip¬ 
tion  of  testing  methods  for  steam  engine  and  motor  driven  mills. 

Keference  to  these  articles  and  others  will  be  found  in  the 
appended  bibliography. 

At  the  present  time  satisfactory  mathematical  analysis  of 
the  resistance  which  a  solid  body  (steel)  presents  against  per¬ 
manent  deformation  in  a  simple  (rectangular)  roll  pass,  to  say 
nothing  of  the  more  complicated  (shape)  pass,  does  not  exist, 
so  far  as  the  authors  are  aware. 

The  few  analyses  which  have  recently  been  published  in 
technical  literature  are  founded  on  hypotheses,  the  laws  of 
which  have  not  yet  been  fully  investigated  nor  demonstrated. 

Factors  of  utmost  importance,  concerning  which  but  little 
information  is  available,  and  which  must  necessarily  be  solved 
before  a  complete  mathematical  solution  of  the  forces  acting  in 
c.  working  roll  pass  can  be  presented,  are,  the  flow  of  metal 
which  takes  place  in  roll  grooves,  and  the  strength  of  steel  at. 
high  temperatures. 

Strictly  speaking,  a  discussion  of  these  factors  does  not  ]ie 
within  the  scope  of  this  paper,  but  since  they  bear  such  an 
intimate  relation  to  others  that  are  dealt  with  here,  we  beg 
your  toleration  of  the  following  brief  review,  the  purpose  of 
which  is  to  place  before  you  whatever  of  interest  and  value  may 
be  contained  in  the  work  of  the  first  investigators,  in  the  hop<‘ 
that  similar  investigations  carried  out  persistently  and  system¬ 
atically  may  ultimately  lead  to  a  complete  solution  of  these,  the 
most  complicated  factors  connected  with  roll  train  resistance. 
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Tresea  can  be  mentioned  as  one  of  the  first  experimenters 
who  investigated  the  flow  which  takes  place  in  solid  bodies  when 
these  are  subjected  to  pressure.  His  paper  (see  bibliography ) 
had  for  its  object  experimental  proof  for  the  two  following 
points : 

First:  That  solid  bodies,  when  a  pressure  sufficiently  intense  is 
exerted  upon  them,  flow  in  a  manner  similar  to  that  of  liquids,  and, 

Second:  To  lay  down  the  theory  of  this  flow,  and  to  point  out 
the  most  important  deductions  that  may  be  made  to  facilitate  the 
study  of  the  molecular  motions,  which  are  produced  by  the  action  of 
mechanical  force  on  matter. 

The  same  phenomena  are  proved  for  the  soft  as  for  the 
hard  metals,  for  plastic  substances,  such  as  blocks  of  wax,  for 
pulverulent  matter,  for  granulated  materials,  such  as  musket 
shot,  and  in  a  manner  only  less  complete  than  that  for  liquids 
themselves.  Tresea  made  three  important  experiments  of  which 
the  following  two  will  be  mentioned : 


_ _ ' 

- z 


The  first  test  consisted  of  punching  a  rectangular  block 
composed  of  16  plates  of  lead,  which  is  shown  in  A  of  Fig.  1. 
The  noteworthy  point  to  be  observed  in  this  experiment  is  that, 
the  topmost  plate  and  the  three  lowest  plates  only  were  reprr 
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sented  in  the  (debouchere)  burr,  in  their  original  thickness,  all 
the  intermediate  plates  were  represented  with  their  original 
thickness  considerably  reduced.  The  amount  of  metal  corre¬ 
sponding  to  the  difference  between  the  depth  of  the  burr  and 
that  of  the  block  is  accounted  for  in  the  curvature  of  the 
plates  at  the  hole. 

Crushing  of  a  cylindrical  block  which  was  made  up  of  20 
lead  plates,  was  the  next  test  made,  the  original  and  final 
shape  of  which  are  shown  in  B  of  Fig.  1.  The  noteworthy  points 
in  this  test  are,  that  all  plates  were  not  found  to  comport  them¬ 
selves  in  the  same  manner.  The  figure  shows  that  the  topmost 
plate  undergoes  but  little  change  in  form  while  the  inner 
plates,  particularly  those  near  the  center,  suffer  the  greatest 
deformation. 

Space  and  time  will  not  permit  entering  upon  greater  de¬ 
tails  of  this  highly  interesting  paper,  however;  the  above  refer¬ 
ences  will  give  an  idea  of  the  value  of  the  work. 


Prof.  Kick  made  a  series  of  highly  interesting  investiga¬ 
tions  on  bodies  of  lead,  wax,  clay  and  sand,  and  in  connection 
with  further  tests  made  on  clay  specimens  which  were  deformed 
between  rolls  states  that:  “ Analogous  behavior  of  all  solid  bod¬ 
ies  notwithstanding  their  substantially  so  different  nature,  leads 
to  the  conclusion,  that  the  laws  of  deformation  of  all  such 
bodies,  by  which  displacement  or  flow  may  be  accomplished  by 
means  of  pressure,  is  the  same.” 

In  Fig.  2  is  shown  the  roll  specimen  composed  of  plastic 
clay,  in  layers,  on  which  Kick  experimented  in  both  closed  and 
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open  rectanglar  passes.  The  figure  is  a  copy  of  that  shown  in 
his  work,  and  represents  the  open  pass  test  specimen.  The 
lines  shown  in  the  test  specimen  rolled  in  the  closed  pass  are 
*  the  same  as  shown  in  this  figure,  notwithstanding  that  spread  hi 
the  closed  pass  was  restricted.  The  tests  prove  that  the  de¬ 
formation  is  not  uniform.  The  beginning  (lines  a  to  a,)  shows 
similar  deformation  to  a  body  pressed  between  two  plates,  but 
as  the  following  particles  (those  to  the  right  of  line  a1 )  of  the 
specimen  are  combined  with  those  already  deformed,  their  path 
is  restricted,  and  this  restriction  causes  the  variation  in  the 
lines  between  ax  and  that  at  the  center-line  of  the  rolls. 
The  figure  also  shows  that  deformation  begins  beyond  the 
point  of  contact  d;  that  the  surface  particles  receive  more  de¬ 
formation  in  the  direction  of  length  of  piece  than  in  the 
direction  of  thickness,  while  the  particles  in  the  center  of  the 
specimen  suffer  a  greater  deformation  in  the  direction  of  thick¬ 
ness,  and  less  in  the  direction  of  length. 

Prof.  Kick  states  further,  that  numerous  tests  made  by 
him  on  different  bodies,  show  that  deformation  takes  place  along 
the  lines  of  so-called  “ sliding  cones”  or  “prisms”  (Rutschungs- 
kegel).  A  further  explanation  of  which  will  be  given  later. 

Blass  also  may  be  mentioned  as  one  of  the  early  experi¬ 
menters  in  this  field,  and  as  in  the  field  of  power  investigation, 
so  in  this  branch,  his  work  can  be  enumerated  as  one  of  interest 
and  value.  In  the  introductory  remarks  to  his  “Theory  of  the 
Rolling  Process”  that  author  makes  statements  of  which  the  fol¬ 
lowing  are  translations : 

“That  branch  of  mechanics,  which  deals  with  the  form  changes, 
which  solid  bodies — within  their  elastic  limits — suffer  under  the  in¬ 
fluence  of  external  forces,  has  long  ago  been  developed  by  mathema¬ 
ticians  as  the  ‘Theory  of  Strength  of  Materials.’  much  less  have  the 
laws  been  investigated,  which  govern  the  permanent  deformation  of 
solid  bodies,  and  only  recently  have  investigations  been  commenced 
in  this  field.  Here,  above  all,  Tresca  may  be  mentioned,  and  among 
very  recent  contributors  Prof.  Kick,  Bauschinger  and  von  Obermeyer.’ 

“Of  all  these  experimenters  only  Prof.  Kick  made  tests  to  de¬ 
termine  the  path  taken  by  individual  particles  in  the  rolling  of  plate 
shaped  clay  bodies,  which  give  very  similar  lines  to  those  presented  in 
a  test  made  on  an  ingot  of  lead  by  the  author,  Blass.”  See  fig.  2  of 
Plate  A. 

“On  this  test  specimen  holes  were  bored  into  which  graphite  was 
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poured  then  the  ingot  was  partly  rolled  in  a  reversing  mill,  and  later 
cut  in  the  plane  of  the  graphite  rods.” 

It  should  be  mentioned  here  that  Hollenberg  made  a  similar 
test  on  a  specimen  of  steel,  fig.  1  of  Plate  A,  in  which  rods  of 
wrought  iron  were  accurately  fitted  into  bored  holes  which  were 
uniformly  spaced  at  about  25  mm.  centers.  You  will  note  that 
the  lines  in  this  figure  are  pretty  much  the  same  as  those  found 
by  Tresca,  Kick  and  Blass  in  their  experiments.  It  seems  that 
the  latter  was  unfamiliar  with  Hollenberg ’s  test,  which  was  car¬ 
ried  out  in  1875;  i.  e.,  prior  to  Blass’  tests. 


no.  3 

FIG.  1  -  MOLLE.NBE.RG ‘5 

experiment 
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Plate  A.  Sections  showing  Flow  of  Metal  in  Roll  Passes. 


Blass  continues  as  follows : 

“From  all  tests  made  to  date  on  reactive  strength  of  materials  it 
follows  that  when  a  solid  is  subjected  to  a  pressure,  there  is  formed 
under  the  pressed  area  a  conoid  or  wedge  formed  body,  which  has  as 
its  base  the  area  pressed  upon  and  which  does  not  participate  in  the 
deformation.”  *  *  *  “If  the  body  be  plastic,  the  particles  lying  outside 
of  the  conoid  will  flow  off  on  it;  whilst,  if  the  body  be  more  solid, 
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the  surface  of  the  conoid  will  form  the  area  along  which  rupture 
will  tal*e  place.” 

Here  reference  is  made  to  the  detailed  articles  by  Tresci, 
Bauschinger,  von  Obermeyer,  and  especially  to  those  of  Prof. 
Kick.  Blass  continues  as  follows : 

“It  may  be  mentioned  that  the  phenomena  can  be  observed  on 
small  pieces  of  paraffine  candle  on  which  larger  or  smaller  flat  sur¬ 
faces  have  been  cut.  By  placing  them  in  an  ordinary  copying  press 


F 

Fig.  3.  Formation  of  Prisms  under  Pressure. 

and  applying  a  very  slowly  increasing  pressure  on  the  flat  sides,  the 
concoids  or  prisms  will  appear  as  shown  in  D  of  Fig.  3.  If  a  specimen 
be  placed  in  the  press  vertically  it  will  usually  break  on  one  of  the 
diagonals,  as  a  b,  in  E  of  Fig.  3,  but  the  prisms  or  conoids  will  always 
appear  more  or  less  plainly  on  the  bases.” 

“Prof.  Kick  called  attention  to  the  fact  that  the  contents  of  the 
inclined  elliptically  formed  diagonal  sliding  area  (the  curve  line  mul- 
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tiplied  by  width  of  body)  is  equal  to  the  area  of  the  sliding  cone  or 
prism.”  See  1  of  Fig.  4.  “When  forging  steel  under  hammers  the 
formation  of  the  prisms  can  be  plainly  seen,  since  the  laj^er  of  oxide 
on  the  sides  of  the  bloom  will  appear  dark  during  the  moment  of 
blow.”  See  F  of  Fig.  3. 

“Similar  phenomena  may  be  observed  on  test  specimen  of  steel, 
copper,  etc.,  inasmuch  as  these  do  not  tear  off  at  right  angles  to  the 
applied  force,  but  along  the  lines  of  the  sliding  prisms.”  See  G  of 
Fig.  5. 

“If  a  homogenous  body  be  broken,  it  will  not  break  at  right 
angles  to  the  bending  force,  but  there  always  will  be  the  tendency  to 
push  out  a  wedge  or  prism  on  the  compression  side,  and  to  pull  one 
out  on  the  tension  side,  as  shown  in  H  of  Fig.  5. 

“Since  the  material  is  never  absolutely  homogenous,  and  the  test 
sjDecimen  never  possesses  a  mathematically  perfect  form,  etc.,  the  frac¬ 
ture  or  break  therefore  usually  takes  place  along  one  of  the  diagonals, 
so  that  a  wedge  will  remain  on  each  portion  of  the  broken  member.” 

“Here  is  opened  a  wide  field  for  both  experiment  and  theoretical 
speculation,  inasmuch  as  the  resistances  to  tension,  compression,  and 
rupture  are  the  result  of  the  same  forces,  the  direction  of  which, 
however,  may  be  opposite  at  one  time  than  at  another,  or  which  may 
occur  as  a  combination  of  the  different  directions.  It  is  evident, 
therefore,  that  the  strength  of  a  body  is  first,  directly  proportional  to 
the  shearing  or  sliding  coefficient,  i.  e.,  that  resistance  which  a  unit 
area  offers  against  sliding,  shearing  or  rupture,  and  second,  on  the 
form  of  the  sliding  prisms,  i.  e.,  the  angle  of  inclination  of  their  sur¬ 
faces  towards  the  direction  of  tension  or  compression.” 

“Applying  these  views  to  the  process  which  takes  place  when 
metal  is  deformed  between  rolls,  there  must  form  on  the  contact  sur¬ 
faces  between  rolls  and  metal,  prisms  with  broken  edges,  see  K  and  L 
of  Fig.  6,  and  a  portion  of  metal  on  the  ends  will  be  displaced  side¬ 
ways,  so  that  spreading  will  take  place.”  “We  can  consider  the  phe¬ 
nomena  as  follows:  In  M  of  Fig.  6  the  triangle  A  B  C  in  passing 
through  the  rolls  was  changed  to  the  form  D  E  F  J  G”  Hence, 
spreading  is  caused  by  the  horizontal  component  of  the  vertical  forces. 

“If  we  assume  that  the  sliding  prisms  form  as  shown  in  I  of  Fig. 
4,  i.  e.  their  apexes  meet  on  the  center  line  at  E,  and  the  contact  area — 
between  roll  and  ingot — be  their  bases,  it  is  evident,  that  when  the 
point  M  on  the  roll  circumference  reaches  the  point  B ,  a  quantity  of 
metal  equal  to  the  area  B  M  E  C  D  will  have  passed  through  between 
the  rolls.” 

“Since  the  area  B  M  E  C  D  is  greater  than  that  of  a  right  angled 
triangle  whose  sides  are  equal  to  the  height  h  and  the  length  B  M, 
so  must  the  rolled  section  leave  the  rolls  with  a  velocity  greater  than 
that  corresponding  to  the  roll  circumference.  Lead  must  therefore 
take  place,  and  if  marks  are  put  on  the  roll  surface  it  will  be  found 
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that  the  spaces  between  the  marks  on  the  rolled  body  will  be  spaced 
farther  apart  than  on  the  roll.’ 

“In  this  method  of  measurement  is  assumed,  of  course,  that  the 
several  layers  of  the  section  have  the  same  velocity,  and  further,  that 
both  roll  and  the  body  rolled  be  inelastic.” 


Dr.  Puppe,  however,  pointed  out  that  Blass’  assumption  of 
the  apexes  of  the  sliding  prisms  meeting  on  the  center  line,  see 
/  of  Fig.  4,  while  probably  justifiable  for  thin  sections,  are  nor 
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so  for  large  sections,  such  as  ingots,  in  which  these  prisms  form 
near  the  surface  only,  see  J  of  Fig.  4.  And,  further,  that  lead 
is  conditional  upon  drafts,  temperature  of  the  steel,  roll  diameter, 
condition  of  the  surface  of  the  pass,  etc. 

In  support  of  Puppe’s  deductions  it  may  be  mentioned  that- 
flow  of  metal  in  both  directions,  width  and  length,  on  large 
sections  during  the  first  passes  at  least,  takes  place  largely  on 
the  surface,  somewhat  as  shown,  in  N  and  0  of  Fig.  6.  This 
fact  can  be  observed  on  any  pass  of  a  blooming  mill  where  the 
ingot  is  free  to  spread. 


The  question  may  here  be  asked  as  to  whether  or  not  the 
views  held  by  these  early  experimenters  are  supported  by  recent 
investigation?  The  answer  is  affirmative.  The  recent  experi¬ 
ments  by  Prof.  Heyn  on  the  microstructure  of  steels  indicate 
that  deformation,  whether  produced  by  the  rolling  or  forging 
process,  take  place  along  the  lines  defined  by  the  above  named 
authors.  This  is  evident  from  Fig.  7  and  Fig.  8  taken  from 
Prof.  Heyn’s  work  in  Stahl  und  Eisen,  1899,  p.  770,  and  Fig.  9, 
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irom  Stahl  und  Eiscn,  1906,  p.  577.  In  explanation  of  thes«» 
Prof.  Heyn  states: 

“In  Fig.  7  is  shown  the  section  through  a  body  perpendicular  io 
the  plane  of  pressure.  The  material  is  gun-barrel  steel.  The  result 
of  the  action  of  force  may  be  seen  with  the  naked  eye  in  the  etched 
sample.  Four  cones  have  formed,  two  of  light  color  with  the  pressed 


areas  as  bases,  and  two  of  dark  color.  Besides,  the  course  of  the 
deformation  is  easily  discernable  in  the  dark  lines  which  unite  the 
pressed  area  according  to  the  manner  of  the  force  lines,  which  in 
themselves  were  parallel  before  the  deformation.  They  are  found 
mostly  in  rolled  or  forged  material,  after  etching,  and  lie  parallel 
to  the  direction  of  elongation.”  “In  Fig.  8  is  shown  a  seven  fold 
magnification  of  a  portion  of  a  similar  specimen  which  was  forged. 
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The  body  was  hammered  down  from  an  initial  height  of  20  mm.  to  6 
mm.  in  five  blows.  Here,  too,  by  the  alternating’  light  and  dark  lines 
the  course  of  deformation  can  be  traced  precisely,  and  in  the  length 
of  the  various  lines  a  measure  is  given  of  the  amount  by  which  each 
and  every  line  was  shortened.” 

In  fig.  3  and  4  of  Plate  A  and  in  fig.  10  are  shown  cross 
sections  of  rails  and  beams  in  which  lines  due  to  deformation 
in  rolling  are  exhibited.  These  lines  are  due  to  charging  cold 
scrap  in  ingot  molds  of  the  sections  shown  in  fig.  3a  and  4a 
of  Plate  A,  for  experimental  purposes.  Figures  3  and  3a  are 
taken  from  Stahl  unci  Eisen,  1911,  p.  1187,  and  figures  4  and  4a 
from  the  same  paper  of  1911,  p.  792. 


Fig.  7.  Transverse  Section  of  Rolled  Specimen. 

The  data  mentioned  above  show  the  lines  of  flow  that  take 
place  in  solid  bodies,  both  in  the  transverse  as  well  as  in  the 
longitudinal  direction.  These  lines  are  quite  complicated  even 
in  rectangular  sections  and  much  more  so  in  shapes  such  os 
beams  or  rails.  It  is  apparent  that  a  mathematical  solution  of 
this  flow  is  not  an  inviting  proposition. 

Finally,  a  few  words  in  connection  with  the  data  which  is 
available  on  the  strength  of  steel  at  high  temperatures.  As 
old  experiments,  may  be  mentioned  those  by  Prof.  Bauschinger, 
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which,  however,  were  not  carried  out  under  sufficiently  high 
temperatures  to  make  them  of  interest  to  rolling  mill  men. 

Next  in  this  field  may  be  enumerated  the  work  of  Howard, 
who  conducted  tests  on  steels  of  various  chemical  compositions 
up  to  temperatures  of  1600  deg.  Fahr.,  the  results  of  which 
are  shown  in  Fig.  11.  These  curves  lead  to  the  conclusion  that 
chemical  composition  has  but  little  influence  on  the  strength  of 
steel  at  the  usual  rolling  temperature,  2100  to  2200  deg.  Fahr. 
Further  may  be  mentioned  the  work  of  Robin,  whose  curves, 
Fig.  12,  show  the  resistance  of  steel  to  crushing  at  various 
temperatures. 


Fig.  8.  Longitudinal  Section  of  Rolled  Specimen. 


As  investigators  of  very  recent  date  can  be  mentioned  Rosen- 
hain  and  Oberhoffer,  who  call  attention  to  the  fact  that,  forging 
size  of  grain  or  crystal,  rate  of  force  application,  etc.,  have  a 
great  influence  on  the  strength  of  steel,  at  high  temperatures. 

Having  reviewed  the  more  important  data,  it  remains  now  to 
describe  our  apparatus  and  methods.  If  you  expect  new  infor¬ 
mation,  we  fear  that  you  will  be  disappointed,  since  that  which 
is  stated  in  the  following  discussion  is  not  new,  but  old  data, 
and  has  been  given  before  by  most  of  the  investigators  whose 
work  has  been  referred  to  above. 
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RESULT  TO  BE  DETERMINED  BY  MILL  TESTS 

The  following  description  will  make  clear  the  methods  and 
their  application  to  conditions  which  the  authors  had  to  meet. 
It  is  scarcely  necessary  to  state  here  that  conditions  in  different 
plants  will  limit  the  application  of  these  methods  to  a  certain 
extent.  However,  the  general  principles  of  both  measurement 
and  calculation  are  valid  for  all  conditions. 

To  what  extent  the  methods  specified  below  shall  be  applied 
will  depend  upon  the  results  which  are  to  be  determined.  [f 
the  purpose  of  the  test  be  the  determination  of  the  power  re¬ 
quired  to  roll  steel,  then  all  the  observations  must,  of  course, 
be  made  with  that  object  in  view.  If  the  steam  consumption  of 
the  engine  is  sought,  then  it  is  only  necessary  to  apply  the  steam 
meter,  which  will  measure  the  medium  directly,  or,  to  compute 
the  steam  quantity  from  the  indicator  diagrams,  by  the  method 
that  will  be  described  later. 


Fig.  9.  Tranverse  Section  of  Rolled  Specimen. 


The  data  of  a  complete  power  test,  however,  enables  us  to 
arrive  at  several  other  valuable  results,  as  for  instance,  influence 
of  roll  passes  of  different  forms  on  the  power  peaks,  engine  and 
mill  efficiency,  tonnage  capacity,  stresses  in  parts  of  engine  or 
mill,  and  other  general  information  pertaining  to  construction 
and  operation  of  engine  and  mill.  Of  course,  some  of  the 
latter  results  can  be  obtained  without  the  necessity  of  making  a 
complete  mill  test,  but  they  are  more  easily  and  accurately  de¬ 
rived  from  the  complete  measurements  which  are  required  for 
the  power  determination. 

This  paper  will  be  limited  to  the  consideration  of  blooming 
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mills.  The  test  of  a  blooming  mill  includes  all  points  of  inter¬ 
est  or  value  which  might  arise  in  the  discussion  of  a  mill  of  any 
other  type,  with  the  possible  exception  of  pass  and  collar  fric¬ 
tion,  which  are  not  easily  determinable,  nor,  in  the  case  of  the 
ordinary  blooming  mill,  of  appreciable  influence  on  the  final 
results. 


Fig.  10.  Flow  of  Metal  in  Beam  Sections. 

Since  test  results  are  not  a  part  of  this  paper,  detailed  de¬ 
scription  of  mills  and  engines  need  not  be  given,  since  the 
fundamental  principles  of  mill  testing  are  entirely  independent 
of  the  sizes  or  details  of  construction  of  the  machinery  in 
volved. 

APPARATUS  AND  MEASUREMENTS 

The  apparatus  will  be  described  as  required  for  the  test  or 
a  two-high  reversing  blooming  mill  driven  by  a  twin-tandem 
compound  engine.  The  test  of  any  other  type  of  mill  may  be 
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considered  as  a  simplified  form  of  -this  one.  The  principal 
apparatus  consists  of  a  recording  instrument,  continuous  indi¬ 
cators,  a  steam  meter  and  a  pyrometer. 

The  recording  instrument,  Fig.  13,  contains  a  roll  of  paper, 
propelled  by  a  small  motor  at  the  rate  of  about  three  inches  per 
second.  On  this  paper  the  various  events  are  recorded,  by 
means  of  perforation  by  steel  points,  actuated  by  magnets,  which 
are  in  series  with  contact  makers  on  the  engine  and  the  test- 


Fig.  11.  Tensile  Strength  of  Steel  at  High  Temperatures. 


ing  apparatus.  In  this  manner  are  recorded  fractions  of  a 
single  revolution  or  strokes  of  the  engine,  reversal  points,  time 
in  seconds,  and  the  start  and  end  of  continuous  indicator 
cards.  The  wiring  plan  is  shown  in  Fig.  14. 

The  dead  centers  of  the  piston  stroke  on  each  engine  are 
recorded  by  means  of  a  contact  on  the  crosshead  touching  other 
contacts  placed  on  a  convenient  wooden  structure.  In  some 
cases  the  indicator  motion  and  its  supports  may  be  made  use 
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of  for  this  purpose.  On  an  engine  which  presents  sufficient 
space  on  the  shaft,  fractions  of  a  revolution  may  be  recorded  bv 
placing  as  many  contracts  as  may  be  desired  on  a  wooden  rim 
fastened  to  the  main  shaft  by  means  of  iron  bands.  A  corres¬ 
ponding  set  of  spring  brass  or  copper  strips,  wired  to  the  re¬ 
corder  are  placed  in  a  position  to  make  the  proper  contact. 


o 


Fig.  12.  Crushing  Strength  of  Steel  at  High  Temperatures. 


Fig.  13.  Recording  Instrument  for  Mill  Testing. 

Besides  the  contact  method  of  measuring  speeds  of  en¬ 
gines,  there  have  been  devised  several  forms  of  recording  tacho¬ 
graphs,  of  which  two  will  be  mentioned. 

Dr.  Horn’s  tachograph,  Fig.  15,  is  designed  for  the  accurate 
testing  of  the  variations  in  the  angular  velocity  of  engines.  The 
recording  pen  is  actuated  by  the  motion  of  centrifugal  masses 
which  rise  and  fall  in  variation  with  the  engine  speed.  In  the 
standard  instrument,  the  chart  is  graduated  for  a  range  of  ±  12 
percent  of  the  average  speed.  The  pen  moves  2  mm.  for  everv 
one  percent  variation,  and  the  chart  can  be  adjusted  to  operate 
at  a  speed  of  from  one  to  twenty  mm.  per  second.  This  instru¬ 
ment  can  not  be  used  at  all  on  reversing  engines,  nor  on  any 
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The  points  of  reversal  are  indicated  by  means  of  contacts 
placed  at  the  tail-rod  of  the  reversing  cylinder  or  other  suitable 
mechanism.  This  method  locates  the  point  only  approximately, 
since  the  reversing  mechanism  generally  leads  the  engine  by 
from  a  quarter  to  a  full  revolution,  depending  on  the  speed  of 
the  engine  when  the  links  are  thrown.  The  exact  points  of 
reversal  are  located  from  observations  of  the  indicator  cards  hi 
connection  with  the  speed  record. 
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rolling  mill  engine  having  a  speed  variation  greater  than  12 
percent. 

A  tachograph  better  suited  to  the  condition  of  large  varia¬ 
tion  in  speed,  is  based  on  the  recording  voltmeter  principle. 
It  can  consist  of  a  ball  bearing  magneto  type  generator  in  con¬ 
nection  with  a  graphic  recorder.  The  record  should  have  a 
linear  speed  of  not  less  than  one-half  inch  per  second  and,  for 


Fig.  14.  Wiring  Sketch  for  Reversing  Mill  Test. 
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convenience  in  evaluation,  read  directly  in  r.  p.  in.  The 
recording  element  of  such  an  instrument  could  be  made  per¬ 
fectly  satisfactory  by  the  use  of  a  spark  recorder,  or  one  equally 
sensitive,  but  considerable  chance  of  error  is  introduced  by  the 
lag  of  the  armature  in  the  generator,  and  the  difficulty  of  ob¬ 
taining  a  positive  drive. 


Fig.  15.  Dr.  Horn’s  Tachograph. 


The  obstacles  confronting  the  designer  of  a  satisfactory 
tachograph  are  the  problem  of  inertia  and  consequent  lag  of 
moving  parts  and  the  even  greater  difficulty  of  proper  con¬ 
nection  to  engine  shaft.  In  all  kinds  of  cord,  belt,  or  chaio 
drive  there  will  be  present  either  slips  or  variation  in  tension  or 
both,  and  the  use  of  spur  gearing,  when  space  permits,  is  costly 
and  requires  elaborate  supports  for  the  mechanism.  Even  were  a 
suitable  recording  tachograph  to  be  used,  the  curve  would 
be  on  a  basis  of  uniform  time,  except  when  record  paper  is 
driven  from  the  engine  shaft.  In  order  to  reduce  this  curve 
for  application  to  indicator  cards  it  would  be  necessary  to  have 
marked  on  the  record  the  end  points  of  the  piston  strokes.  The 
points  taken  from  these  ordinates  should  then  be  plotted  with 
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uniform  spacing  for  strokes,  and  the  average  of  the  curve  dur¬ 
ing  these  spaces  applied  to  the  mean  effective  pressure  to  obtain 
the  horse-power  of  the  engine.  Everything  considered,  there  is 
little  doubt  that  the  simplest  and,  at  t lie  same  time,  most  satis¬ 
factory  method  available  at  the  present  time  is  the  contact  and 
magnet  recording  method  as  described  above. 


Fig.  16.  Closed  Diagram  Continuous  Indicator. 


The  time  is  recorded  by  the  use  of  a  special  clock,  the 
pendulum  of  which  closes  the  circuit  every  second  by  passing 
through  a  mercury  bath.  Since  the  paper  speed  is  fairly  con¬ 
stant,  the  space  between  these  second  marks  may  be  sub-divided 
with  considerable  accuracy. 

There  are  also  on  the  recording  instrument  four  keys,  oper¬ 
ated  by  hand,  by  means  of  which  various  events  are  recorded, 
such  as  beginning  and  end  of  pass,  slippage  of  rolls  on  bloom, 
stopping  of  engine  while  bloom  is  in  pass,  or  other  conditions 
which  may  have  a  bearing  upon  the  evaluation  of  the  test  results. 

The  indicators  may  be  of  either  the  closed,  Fig.  16,  or  open 
diagram  continuous  type,  Fig.  17.  While  the  open  diagrams 
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are  plainer  and  easier  to  evaluate,  the  closed  diagram  cards  are 
easier  to  handle  and  are  perfectly  satisfactory  if  care  be  taken 
to  produce  a  fine  clear  line. 

The  continuous  indicators,  both  open  and  dosed  diagram 
type,  which  were  used  by  the  authors,  are  made  by  Dryer, 
Rosenkranz  and  Droop.  They  are  of  strong  and  neat  construc- 


Fig.  17.  Open  Diagram  Continuous  Indicator. 


tion  and  have  proved  very  satisfactory  on  many  tests  during  n 
period  of  several  years.  At  the  time  of  purchase,  this  was  the 
only  make  obtainable,  but  recently  there  have  appeared  on  the 
market  several  others,  among  which  may  be  mentioned  the 
f/ooley-Hill  continuous  open,  the  Trill  continuous  closed,  the 
Thompson  continuous  closed,  and  the  Crosby-Lanza  continuous 
open.  The  last  named  consists  of  a  Crosby  indicator  and  a 
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Lanza  continuous  diagram  appliance  which  may  be  attached 
to  any  indicator. 

Both  ends  of  all  cylinders  must  be  indicated,  and  the  in 
dicators  should  be  equipped  with  magnets  on  the  pencil  motions 
to  insure  simultaneous  starts.  These  magnets  are  in  series 
with  a  central  double  pole  switch,  one  pole  of  which  is  used  to 


mark  the  points  on  the  speed  record  as  mentioned  above.  Only 
by  this  method,  or  an  equivalent  ofie,  is  it  possible  to  obtain 
an  accurate  alignment  of  concurring  engine  speeds  and  mean 
effective  pressures;  a  condition  which,  of  necessity,  must  be 
lulfilled  in  order  to  obtain  the  true  values  for  the  horse-power 
of  an  engine  in  which  all  quantities  involved  are  highly  variable. 
The  simultaneous  start,  though  very  convenient,  is  not  so  es- 
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sential  in  the  case  of  a  reversing  mill  as  in  a  3-high  mill,  since 
reversal  points  may  be  used  for  alignment  of  events. 

A  continuous  record  of  steam  consumption  can  be  obtain¬ 
ed  with  a  Hallwachs  steam  meter,  Fig.  18,  equipped  with  a 
Siemens  and  Halske  spark  recorder  and  a  special  motor  for  a 
paper  speed  of  about  £4  inch  per  second. 


Fig.  19.  Steam  Meter  Recorder. 

The  steam  meter  consists  of  three  elements :  a  throttling 
disc,  which  is  inserted  in  the  steam  pipe  at  the  point  where 
the  flow  is  to  be  measured ;  a  manometer  placed  near  the  disc ; 
and  a  recording  instrument,  which,  being  in  electrical  connection 
with  the  manometer,  may  be  placed  in  any  convenient  location. 
The  opening  in  the  throttling  disc  is  of  such  a  size  that  a  drop 
in  pressure  of  less  than  one  pound  is  caused  in  the  line.  Two 
pipes,  one  leading  from  each  side  of  the  disc,  are  connected  to 
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the  manometer,  in  which  the  mercury,  by  rising  or  falling, 
touches  the  platinum  contacts,  thirty-six  in  number,  thus  vary 
ing  the  resistance  in  the  circuit,  in  which  is  placed  the  record¬ 
ing  instrument,  a  constant  current  being  supplied  by  storage 
batteries. 

The  steam  meter  recorder.  Fig.  19,  is  equipped  with  three 
steel  marking  points  actuated  by  magnets  by  means  of  which 
may  be  recorded  revolutions  of  engine,  time,  and  beginning  and 
end  of  indicator  cards.  This  can  be  accomplished  either  by 
independent  circuits  or  by  placing  in  series  with  the  main  re¬ 
cording  circuits. 

This  meter  has  proved  very  satisfactory  under  the  most 
severe  test,  that  is,  recording  the  instantaneous  consumption  of 
steam  in  large  reversing  blooming  mill  engines,  where  the 
fluctuations  are  of  greater  rapidity  and  amplitude  than  in  anv 
other  class  of  service.  See  Fig.  20. 

The  Venturi  meter  may  also  be  used  for  the  measurement 
of  steam,  employing  the  same  principles  as  for  the  measure¬ 
ment  of  liquids.  While  the  Venturi  tube  is  no  doubt  fully  as  ac¬ 
curate  an  instrument  as  the  Gehre  disc,  used  in  the  Hallwachs 
meter,  the  standard  recorder  supplied  with  the  Venturi  meter 
would  fall  far  short  of  the  requirements  for  mill  testing  due 
to  its  inability  to  respond  to  the  rapid  fluctuations  taking  place 
in  a  rolling  mill  engine.  A  satisfactory  instrument  could  be 
assembled,  making  use  of  a  Venturi  tube,  a  Hallwachs  mano¬ 
meter  and  a  spark  recorder;  a  similar  arrangement  using  the 
Gehre  disc  being,  however,  less  expensive. 

The  temperature  of  the  steel  during  the  process  of  rolling 
has  an  influence  on  the  power  required,  somewhat  in  propor¬ 
tion  to  the  ultimate  strength  of  the  steel  at  that  temperature. 
There  have  been  attempted  various  methods  to  measure  the 
temperature  of  steel  in  the  rolls  or  on  the  tables  without  de¬ 
laying  the  mill,  but  all  these  attempts  have  failed  with  the 
exception  of  those  using  the  radiation  or  optical  principles. 

Three  makes  of  pyrometers  which  are  available  for  this 
class  of  service  are  the  Fery  Mirror  Telescope,  the  Wanner  pyro¬ 
meter  and  the  Simateo,  which  is  an  improved  type  of  the 
Wanner. 
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The  Fery  pyrometer  was  the  first  convenient  form  of  in 
strument,  making  use  of  total  radiation,  to  come  into  practical 
use  for  temperature  measurements.  Use  is  made  of  the  Stefan- 
Boltzmann  law  in  the  following  manner:  Radiation  from  an 
incandescent  body  is  focused  on  a  very  sensitive  thermo-couple 
and  raises  its  temperature.  The  electromotive  force  thus  gener¬ 
ated  at  the  junction  actuates  a  sensitive  potential  galvanometer 
in  series  with  the  couple  exactly  in  the  same  way  iis  in  th“ 
Le  Chatelier  thermo-electric  pyrometer;  so  that  we  have  here  a 
radiation  pyrometer  which  is  direct  reading  by  means  of  a 
pointer  on  a  scale,  and  may  therefore  readily  be  made  a  re¬ 
cording  instrument. 


Fig.  21.  Section  of  Fery  Pyrometer. 


The  Fery  mirror  telescope,  Fig.  21,  was  designed  to  re¬ 
place  the  laboratory  and  technical  forms  and  has  been  very 
useful  in  industrial  work.  As  usually  constructed,  the  mirror 
is  of  gold  or  glass,  and  there  is  further  provided  an  ingenious 
optical  focusing  device,  by  means  of  which  staight  lines  appear 
broken  unless  the  instrument  is  in  focus. 


The  temperature  measurements  were  taken  on  many  mill 
ests  using  a  F£ry  pyrometer,  which  gave  satisfactory  result 
and  is  quite  easy  to  manipulate,  requiring,  however,  two  ob¬ 
servers.  In  measuring  the  temperature  of  hot  iron  and  steel 
in  the  open,  a  correction  must  be  made  for  the  error  due  to 
deviation  from  black  body  conditions.  These  corrections  for 
iron  and  steel,  as  given  by  Dr.  G*.  A.  Shook,  (Metallurgical  and 
Chemical  Engineering;  Vol.  X  pp.  535)  are: 
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The  error,  due  to  the  cold  junction  becoming  heated,  may 
be  neglected  in  this  class  of  service  as  the  hot  body  passes 
through  the  field  too  rapidly  to  appreciably  affect  the  tempera¬ 
ture  of  the  instrument. 

The  Wanner  pyrometer  and  the  Seimatco  pyrometer,  Fig. 
22,  make  use  of  the  polarization  of  light  and  are  a  modification, 
suited  to  temperature  measurements  of  Konig’s  Spectrophoto¬ 
meter.  The  comparison  light  is  a  4-volt  incandescent  lamp,  il¬ 
luminating  a  glass  matt  surface ;  mono-chromatic  red  light  is 
produced  by  means  of  a  direct  vision  spectroscope  and  screen 
cutting  out  all  but  a  narrow  band  in  the  red,  and  the  photo¬ 
metric  comparison  is  made  by  adjusting  to  equal  brightness 
both  halves  of  the  field.  The  matching  of  the  two  fields  oi: 
vision  is  not  difficult,  as  the  fields  are  adjacent,  and  as  long 
as  there  is  a  difference  of  color,  a  line  is  visible  between  them, 
but  just  as  soon  as  they  match  and  one  blends  into  the  other, 
the  line  immediately  disappears.  The  operation  therefore  is 
simply  turning  the  eve-piece  of  the  instrument  until  the  line 
disappears  between  the  two  fields,  and  as  both  are  observed  by 
one  eye-piece  and  at  the  same  time,  any  defect  in  sight  is 
equalized. 
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Two  valuable  improvements  over  the  Wanner  have  recently 
been  made  on  the  Scimatco  by  Dr.  G.  A.  Shook  of  the  University 
of  Illinois,  Fig.  23.  They  are  a  direct  reading  scale  of 
temperature  attached  directly  to  the  instrument,  thus  doinp* 
away  with  a  separate  reference  table,  and  an  open-temperature 
scale  for  the  correct  readings  of  temperatures  of  materials, 
when  not  under  black  body  conditions.  This  instrument  has  a 
scale  for  furnace,  in  addition  to  the  scale  for  open  temperatures, 
and  will  therefore  take  the  temperature  of  steel  in  the  furnace, 
or  of  billets  and  shapes  in  the  rolls. 


Fig.  22.  Section  of  Scimatco  Pyrometer. 


Other  observations  not  requiring  the  use  of  special  ap¬ 
paratus  are  draft  gauge  readings,  and  records  of  grooves,  turns, 
length  and  section  of  finished  bloom  or  billet,  and  chemical  and 
physical  properties  of  the  steel. 

It  may  be  of  interest  at  this  point  to  note  the  number  of 
men  required  to  conduct  a  complete  test  with  the  apparatus 
described.  While  the  instruments  are  largely  automatic  in  their 
operation,  yet  they  require  constant  and  careful  attention.  The 
indicators  require  four;  the  steam  meter,  one;  the  recording  in¬ 
strument,  one;  the  pyrometer,  at  least  one;  the  draft  gauge,  one; 
the  groove  and  turn  record,  one;  and  the  measurement  of  bloom, 
one;  making  a  total  of  ten  men  in  addition  to  the  engineer  iu 
charge.  Of  course,  this  number  is  for  a  complete  test  on  the 
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most  complicated  form  of  mill  drive*  and  may  be  much  reduced 
on  simpler  types  of  mills  and  engines.  However,  with  the 
exception  of  the  steam  meter  and  recording  instrument  opera¬ 
tors,  men  of  much  experience  are  not  required. 

The  amount  of  work  involved  in  evaluating  the  data  thus 
obtained  is  suggested  by  the  fact  that  for  a  test  of  a  three  ton 
ingot  rolled  to  6  in.  by  4  in.  billet  in  19  passes,  we  have  eight 
indicator  diagrams  of  about  150  cards  each  to  be  measured. 
Since  each  card  requires  two  planimeter  measurements,  we  have 


Fig.  23.  Shook  Open  Scale  for  Scimatco  Pyrometer. 

a  total  of  2400  operations.  To  this  must  be  added  the  labor 
of  measuring  the  speed  record  and  making  about  600  power  cal¬ 
culations. 

CALCULATIONS 

The  distances  on  the  speed  record  between  the  second  marks 
and  between  the  stroke,  or  revolution,  marks  are  carefully  meas¬ 
ured,  the  speed  for  the  duration  of  a  stroke  being  calculated 
by  use  of  the  following  formula: 

30  X  Distance  between  seconds 

Revolutions  per  minute  =  — — . - — - - — - - 

Distance  between  strokes 


We  have  the  speed  record  from  each  side  of  the  engine, 
shown  on  Plate  B.  As  alternate  pairs  of  stroke  marks  are  from 
opposite  side  of  the  engine,  each  space  does  not  represent  ex¬ 
actly  a  quarter  revolution  of  the  crank.  A  true  speed  curve  of 
the  engine  is  plotted  by  averaging  the  points  from  each  side, 
as  shown. 


Plate  B.  Speed  Record  and  Curves. 
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The  mean  effective  pressure  is  found  by  measuring  the 
properly  related  continuous  indicator  cards,  Fig.  24  and  25. 
Common  practice  is  departed  from  at  this  point,  in  that  each 
card  is  measured  twice,  the  average  height  above  a  given  base, 
of  both  the  expansion  and  exhaust  lines  being  determined.  The 
results  from  opposite  ends  of  the  cylinders,  for  a  given  stroke, 
are  then  combined,  giving  the  true  mean  effective  pressure  on 
the  piston  during  that  stroke.  This  precaution  is  made  neces¬ 
sary  in  evaluating  rolling  mill  engine  cards,  by  the  large  and 
rapid  variations  in  exhaust  pressure  in  a  simple  engine  and  in 
both  cylinders  of  a  compound  engine.  In  a  compound  reversing 
mill  engine,  the  total  variation  in  receiver  pressure  during  the 
rolling  of  an  ingot  may  be  as  high  as  fifty  pounds,  and  in  con¬ 
secutive  cards,  thirt}^  pounds.  These  figures  are,  of  course, 
much  smaller  for  continuously  running  engines. 

In  evaluating  the  indicator  diagrams  from  a  reversing  mill 
engine  great  care  must  be  taken  to  recognize  the  negative  cards. 
A  negative  card  is  formed  when  the  pressure  on  the  exhaust 
side  of  the  piston  exceeds  the  pressure  on  the  working  side. 
This  effect  may  result  from  any  of  several  causes  in  engines  of 
various  designs  and,  when  not  taken  into  consideration,  intro¬ 
duces  serious  errors  into  the  calculation  of  horse-power,  work, 
and  steam  consumption.  Failure  to  appreciate  this  point  has 
resulted  in  figures  for  the  steam  consumption,  considerably  too 
low,  being  generally  accepted  for  certain  types  of  engines. 

Indicated  horse-power  is  calculated  for  each  stroke  or  half 
stroke  by  the  formula 

2  Plan 
H'  P‘  ==.  33000 

Each  reversing  mill  operation  consists  of  a  period  of  positive 
I.  H.  P.  followed  by  a  period  of  negative  I.  H.  P.,  the  change 
occurring  at  the  point  where  the  negative  M.  E.  P.  in  the  high 
pressure  cylinder  becomes  equal  to  and  exceeds  the  positive 
M.  E.  P.  in  the  low  pressure  cylinder,  in  which  negative  M.  E.  P. 
does  not  usually  exist,  except  for  one  or  two  strokes  immediatelv 
preceding  a  reversal.  This  period  of  negative  I.  H.  P.  could 
be  avoided  by  shutting  off  steam  and  allowing  the  engine  to 
come  to  rest  before  reversing  the  links,  but  by  this  method  the 


Fig.  24.  Indicator  Cards  from  3-high  Blooming  Mill  Engine. 
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tonnage  output  would  be  decreased.  *  The  general  subject  of 
the  horse-power  of  rolling  mill  engines  is  made  somewhat  com¬ 
plex  by  the  fact  that  the  highly  variable  nature  of  quantities 
involved  render  direct  arithmetric  averages  incorrect  and  mis¬ 
leading.  For  instance,  the  direct  average  of  the  horse-power 
during  any  pass  multiplied  by  the  number  of  seconds  duration 


Fig.  25.  Indicator  Cards  from  Reversing  Blooming  Mill  Engine. 

does  not  result  in  the  correct  number  of  horse-power  seconds  of 
Avork  generated  during  that  pass.  True  average  values  for  power 
must  be  found  by  reducing  to  units  of  work,  which  are  added 
and  then  divided  by  the  total  time  of  the  operation. 

The  average  horse-power  of  a  reversing  mill  engine  is  not  a 
magnitude  that  can  be  referred  to  without  certain  qualifications, 
since  the  time  element  involved  must  be  definitely  assigned  in 
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order  to  make  the  values  comparative.  For  instance,  there 
can  be  average  horse-power  for  one  second,  one  half  stroke,  one 
stroke,  one  revolution,  one  pass,  one  reversal,  the  positive  time 
only  in  one  reversal,  one  ingot  or  one  hour.  The  numerical 
value  in  each  case  is  very  different,  yet  each  may  be  correct  if 
properly  specified.  The  most  reasonable  figure  for  the  average 
horse-power  developed  during  the  rolling  of  an  ingot  is  the 
total  indicated  work  in  horse-power  seconds  divided  by  the  sum 
of  the  times  during  which  the  effective  cylinder  pressure  is 
exerted  in  the  direction  of  rolling. 

The  friction  horse-power  of  engine  and  mill  is  found  by 
running  the  engine  at  different  constant  speeds  without  steel 
in  the  mill.  It  is  recognized  that  the  figures  obtained  in  this 
manner  are  not  correct  when  the  pressure  on  the  piston  is 
greater  than  that  required  for  friction  load  only;  yet  to  analyze 
these  forces  in  their  different  points  of  application  and  to  in¬ 
troduce  corrections  would  increase  the  labor  and  complications 
of  the  calculations  out  of  all  proportion  to  the  increased  ac¬ 
curacy  obtained.  Therefore,  by  the  term  “friction  load”  ;s 
always  meant  the  idle  friction ;  and  increases  of  friction  in  en¬ 
gine,  collar  friction,  and  bearing  friction  due  to  rolling  pressure 
are  included  in  the  term  “load  on  mill’\  The  friction  load  is 
dependent  on  the  total  weight  of  reciprocating  and  rotating 
parts,  and  varies  greatly  in  engines  of  different  design,  although 
intended  for  the  same  service. 

The  kinetic  energy  horse-power  due  to  the  acceleration  of 
rotating  masses  in  engine  and  mill  is  found  by  the  use  of  a 
formula  derived  as  follows : 


I  =  moment  of  inertia. 

W  =  weight  of  rotating  part. 
r  =  radius  of  rotating  part,  considered  as  a  whole  or  part  of 
a  solid  cylinder. 


Then  I = 


Wr2 


for  each  rotating  part. 


w  =  angular  velocity  in  radians  per  second. 
N  =  revolutions  per  minute, 
t  =  time  in  seconds. 

I  =  moments  of  inertia. 


Ke  = 


Iw2 

9 


foot  pounds. 
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Since  w  = 

Ke 


2nN 

~W 

I  4n2N2 


2  X  3600 


foot  pounds. 


for  variations  in  speed  between  N  and  N5 

I  X  2n2  (m2— N2) 

Ke  =  -  horse-power  seconds. 

3600  X  550 

1(NI2 — N2) 

Ke  H.  P.  =  0.00000997  - horse-power. 


In  a  reversing  mill  engine,  even  without  a  fly-wheel  or  bal¬ 
ance  wheel,  due  to  the  great  rapidity  of  variation  in  speed,  the 
value  for  kinetic  energy  horse-power  is  a  factor  of  great  impor¬ 
tance.  The  calculated  figure  for  the  kinetic  energy  factor  of 
an  engine  and  mill  can  be  checked  approximately  by  experiment 
when  the  friction  load  is  accurately  known.  This  is  done  by 
taking  a  speed  record  to  produce  the  curve  o  a  b  c  d  e  o,  shown 
on  Plate  B. 

The  engine  is  accelerated  in  steps  and  the  kinetic  energy 
constant  figured  for  the  successive  periods  o  a,  b  c,  and  d  e,  from 
the  speed,  time  and  indicated  horse-power  from  which  has  been 
subtracted  the  friction  load.  The  engine  is  then  allowed  to 
“float”  with  throttle  closed  from  the  speed  at  e,  to  a  stop, 
and  the  factor  calculated.  The  average  constant  for  both  ac¬ 
celeration  and  retardation  gives  a  good  check  on  the  calculated 
value.  The  friction  load  is  calculated  for  the  periods  a  b  and 
6  d. 

The  power  delivered  to  the  rolls,  or  the  mill  load,  which 
includes  the  work  actually  done  in  moving  metal,  all  journal 
and  bearing  friction  in  excess  of  idle  friction,  and  collar  fric¬ 
tion,  is  calculated  by  the  formula : 

Mill  load  =  ±  I.  H.  P. — Friction  H.  P.  zb  Ke.  H.  P. 

Indicated  horse-power  is  positive  or  negative  as  shown  by 
the  indicator  cards. 

Friction  load  is  always  negative. 

Ke.  H.  P.  is  positive  when  the  engine  speed  is  decreasing, 
negative  when  the  speed  is  increasing  and  zero  for  constant 
speed. 
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Mill  load  is  always  positive  and  varies  from  zero,  outside 
of  passes,  to  the  maximum  required  in  the  rolling  process. 

The  mill  load  in  horse-power,  multiplied  by  the  time  of  any 
period  in  seconds  gives  the  work  in  horse-power  seconds  gener¬ 
ated  during  that  period.  All  calculations  up  to  this  point  are 
made  for  every  half  stroke  during  the  complete  mill  cycle. 
That  is,  for  every  half  stroke  we  have  a  complete  power  balance. 
The  sum  of  the  work  supplied  to  the  rolls  during  the  pass  is 
then  used  in  arriving  at  unit  values  as  will  be  shown  later. 
The  total  work  can  also  be  shown  on  a  coordinate  system  of 
horse-power  seconds  or  foot  pounds,  and  elongation  or  volume 
displaced.  See  Fig.  26. 


Fig.  26.  Work  Required  to  Roll  Steel  in  Blooming  Mills. 


Drafts  are  calculated  from  readings  of  the  draft  gauge 
which  is  used  by  the  roller,  which  previously  has  been  calibrated 
for  a  carefully  measured  position  of  the  rolls.  The  original 
ingot  is  carefully  measured  as  are  the  length  and  section  of  the 
finished  bloom.  This  data,  together  with  calculated  or  observed 
spreads,  is  sufficient  to  calculate  the  length  and  section  of  the 
piece  after  each  pass. 
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From  a  long  series  of  tests,  Scheld  has  arrived  at  the  fol¬ 
lowing  conclusions  on  spread. 

The  spreading  is  dependent  on : 

1.  The  height  of  the  bloom  after  the  pass. 

2.  The  roll  diameter. 

3.  The  angle  of  contact. 

4.  The  arc  of  contact. 

5.  The  draft. 


These  conclusions  are  expressed  in  the  following  formula: 


Spread  = 


Arc  of  contact  X  draft  X  sine  (angle  of  contact) 
Height  of  bloom  after  pass. 


We  have  checked  this  formula  for  a  number  of  cases  anl 
find  that  it  agrees  favorably  with  the  results  obtained  by  test. 
Other  investigators  have  advanced  similar  formulae. 

The  length  of  bloom  is  also  indicated  by  the  speed  curve 
or  the  mill  load  curve  or  a  combination  of  both.  In  no  case 
is  the  mill  delayed  for  an  instant  to  obtain  measurements. 

The  number  of  elongations  is  found  by  dividing  the  length 
of  the  bloom  by  the  length  of  the  original  ingot. 

The  reduction  of  area  is  the  area  of  the  bloom  after  a  pass, 
subtracted  from  its  area  in  the  preceding  pass. 

The  volume  of  displacement  is  calculated  by  means  of  the 
formula  : 

Vd  =  L  (A— a) 

in  which 

Yd  =  Volume  of  displacement  in  cu.  inches. 

L  =  Length  of  piece  before  pass. 

A  =  Area  of  piece  before  pass. 

a  =  Area  of  piece  after  pass. 

While  nothing  is  positively  known  of  the  manner  or  direc¬ 
tion  of  the  flow  of  steel  in  the  rolling  process,  yet  we  believe 
that  this  formula  represents  a  logical  conception  of  the  volume 
of  metal  which  changes  position  during  rolling. 

The  unit  value  of  work  done  in  the  mill  is  horse-power 
seconds  or  foot  pounds  per  pass  delivered  to  rolls,  divided  by 
the  volumetric  displacement  in  cubic  inches.  This  unit  of 
horse-power  seconds  or  foot  pounds  of  work  per  cubic  inch  of 
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metal  displaced  varies  with  draft,  roll  diameter,  and  tempera¬ 
ture  of  steel. 

The  unit  value  varies  with  the  draft  since  the  greater  the 
draft,  other  quantities  being  the  same,  the  greater  will  he  the 
average  distance  of  displacement  of  the  metal.  The  unit  value 
of  work  increases  with  increased  roll  diameter,  due  to  a  greater 
arc  of  contact;  and  varies  with  the  temperature  proportionally 
to  the  variation  in  the  ultimate  strength  of  steel  at  different 
temperatures. 

A  value  for  tangential  force  exerted  at  roll  circumference 
can  be  found  by  dividing  the  total  foot-pounds  of  work  per  pass 
at  rolls,  by  the  product  of  the  reduction  of  area  in  square 
inches  and  the  length  of  the  bloom  in  feet. 

The  total  indicated  work  is  divided  into  three  parts ;  work 
delivered  to  rolls,  work  lost  in  idle  friction,  and  work  lost  due 

i 

to  acceleration,  which  occurs  in  a  reversing  mill  only.  By  mill 
efficiency  is  meant  the  result  obtained  by  dividing  the  horse¬ 
power  seconds  of  work  delivered  to  rolls  by  total  horse-power 
seconds  of  positive  indicated  work.  While  this  expression  is  in 
no  way  analagous  to  the  mechanical  efficiency  of  the  engine,  yet 
it  is  very  useful  and  interesting  as  a  method  of  comparison  ef 
various  types  of  mills  and  methods  of  rolling.  The  efficiency  of 
a  mill  is  a  combined  estimate  of  the  quality  of  design  of  engine 
and  mill  and  the  human  factor  involved  in  the  personal  skill 
and  methods  of  the  operators.  In  a  test  of  this  nature,  the 
mechanical  efficiency  of  the  engine  is  usually  neglected  on  ac¬ 
count  of  the  difficulty  of  measuring  the  brake  horse-power. 

The  steam  consumption  of  a  rolling  mill  engine  may  be  con¬ 
sidered  on  three  bases:  per  indicated  horse-power  hour,  per  unit 
of  elongation,  and  per  unit  of  volumetric  displacement. 

In  calculations  of  steam  consumption,  as  well  as  of  horse¬ 
power,  results  obtained  by  means  of  direct  averages  are  extreme- 
ly  misleading,  and  correct  or  representative  figures  must  be  cal¬ 
culated  from  the  total  quantities. 

The  term  horse-power  hour  must  be  considered  apart  from 
any  time  factor  and  simply  as  a  unit  of  work  consisting  of 
1,980,000  foot-pounds  or  3600  horse-power  seconds.  The  fol¬ 
lowing  equation  may  then  be  used: 
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Lb.  steam  per  I.  H.  P.  Hour  = 


3600  X  Lb.  steam 
I.  H.  P.  seconds. 


This  calculation  may  lie  made  for  individual  passes  or  for 
whole  ingots,  total  quantities  being  used  in  either  case.  By 
the  use  of  this  method  very  consistent  results  have  been  obtained 
from  several  tests. 

The  amount  of  steam  consumed  is  found  in  two  ways:  from 
the  indicator  cards  and  from  the  steam  meter  record.  Each 
low  pressure  card  is  measured  at  0.9  stroke  for  the  quantity  of 
dry  steam  per  stroke.  These  are  added  together  to  give  steam 
per  pass  and  steam  per  ingot.  Total  steam  per  pass  and  per 


Fig.  27.  Steam  Curves  of  Blooming  Mill  Engines  on  Basis  of  Elongation. 


ingot  is  also  found  by  measuring  the  steam  meter  record  and 
applying  the  proper  constants.  The  figures  thus  obtained  aver¬ 
age  about  30  percent  higher  than  the  figures  for  dry  steam 
from  the  indicator  cards,  showing  that  if  indicator  cards  only 
are  measured,  an  addition  of  30  percent  should  be  made  for 
clearance,  condensation  and  leakage.  This  factor  will  no  doubt 
vary  somewhat  under  different  operating  conditions.  The  only 
method  by  which  this  amount  could  be  determined  more  ac¬ 
curately  would  be  to  instal  a  surface  condenser  and  weigh  the 
amount  of  water  condensed. 

Curves  may  be  plotted  showing  steam  consumption  per  ton 
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of  steel  per  elongation  and  total  steam  per  unit  of  volume  dis¬ 
placed. 

The  curve  “steam  per  ton  per  elongation  ’,  Fig.  27,  is  a 
measure  of  the  steam  consumption  in  terms  of  resultant  effect 
of  rolling  and  is  therefore  a  definite  basis  for  the  calculation  of 
costs.  For  different  methods  of  rolling,  this  curve  will  show 
different  amounts  of  steam  but  not  the  reason  therefor. 

The  curve  “steam  per  unit  of  displacement  ',  Fig.  28,  shows 
more  clearly  the  distribution  of  the  steam  in  terms  of  metal 
displaced,  thus  explaining  the  reason  for  difference  in  steam 
consumption  with  change  in  drafts  and  number  of  passes. 


Displacement. 


These  curves  make  a  very  plain  picture  of  the  relative 
economy  of  various  types  of  mills  and  of  the  same  type  under 
different  operating  conditions.  Steam  per  I.  H.  P.  hour  is  the 
best  index  to  the  economy  of  the  engine  alone,  but  as  a  com¬ 
parison  of  rolling  methods  and  their  results  on  cost,  the  curves 
as  described  should  be  found  very  useful.  It  may  also  be  noted 
that  when  the  observations  and  calculations  have  been  ac¬ 
curately  made  these  curves  will  assume  very  smooth  forms. 

PRESENTATION  OF  RESULTS 

All  data  and  principal  results  are  tabulated  on  summary 
sheets,  on  which  all  items  not  mentioned  above,  are  self-explana¬ 
tory.  From  these  sheets  may  be  obtained  all  necessary  in¬ 
formation  so  far  as  power  requirements  are  concerned,  or  for  a 
comparison  and  analysis  of  methods  of  operating.  Following 
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are  forms  used  for  tabulation  of  complete  data  and  results  of 
tests. 

Summary  of  Reversing  Blooming  Mill  Test 

1  Pass  Number. 

2  Time  for  Pass. — Seconds. 

3  Time  between  Passes. — Seconds. 

4  Time  for  Reversal  Period. — Seconds. 

5  Time  Tor  Positive  I.  IT.  P. — Seconds. 

6  R.  P.  M.  at  beginning  of  Pass. 

7  R.  P.  M.  at  end  of  Pass. 

8  Mean  R.  P.  M.  during  Pass. 

9  Mean  R.  P.  M.  for  Positive  I.  H.  P. 

10  Maximum  R.  P.  M.  during  Pass. 

11  Mean  M.  E.  P.  during  Pass. 

12  Mean  I.  H.  P.  during  Pass. 

13  Mean  Positive  M.  E.  P. 

14  Mean  Positive  I.  H.  P. 

15  Maximum  T.  H.  P.  during  Pass. 

16  Total  I.  H.  P.  Seconds  during  Reversal  Period. 

17  Mean  Kinetic  Energy  H.  P.  during  Pass. 

18  Maximum  Kinetic  Energy  H.  P.  during  Pass. 

19  Ke.  H.  P.  Seconds  Lost  due  to  Acceleration. 

20  Mean  Friction  H.  P.  during  Pass. 

21  Friction  H.  P.  Seconds  during  Reversal  Period. 

22  Work  available  for  Rolling. — H.  P.  Seconds. 

23  Sum  of  available  work. — H.  P.  Seconds. 

24  Percent  of  Total  Work  used  for  Rolling. 

25  Percent  of  Total  Work  lost  due  to  Acceleration. 

26  Percent  of  Total  Work  lost  due  to  Friction. 

27  Average  Release  Pressure  at  0.9  Stroke. — Lb.  absolute. 

28  Dry  Steam  for  Reversal  Period  from  Indicator  Cards. 
—Lb. 

29  Steam  for  Reversal  Period  from  Steam  Meter. — Lb. 

30  Percent  Excess  of  Steam  from  Meter  over  Steam  from 
Cards. 

31  Total  Steam. — Lb. 

32  Total  Steam  per  Ton  of  Steel. — Lb. 

33  Steam  per  I.  H.  P.  Hour. — Lb. 
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34  Steam  per  Hour. — Lb. 

35  Height  and  Width  of  Bloom. — Inches. 

36  Shape  of  Section. 

37  Draft. — Inches. 

38  Area  of  Section. — Sq.  In. 

39  Reduction  of  Area. — Sq.  In. 

40  Percent  Reduction  of  Area. 

41  Length  of  Ingot  after  Pass. — Feet  &  Inches. 

42  Number  of  Elongations. 

43  Volume  of  Metal  Displaced. — Cu.  In. 

44  Sum  of  Volume  Displaced. — Cu.  In. 

45  Percent  Sum  of  Volumes  Displaced. 

H.  P.  Seconds  of  Net  Work  per  Cu.  In.  of  Metal  Dis¬ 
placed. 

Foot-pounds  of  Net  Work  per  Cu.  In.  of  Metal  Dis¬ 
placed. 

47  Temperature  of  Steel. 

Summary  of  3-High  Blooming  Mill  Test 

1  Pass  Number. 

2  Time  for  Pass. — Seconds. 

3  Time  between  passes.— Seconds. 

4  R.  P.  M.  at  beginning  of  Pass. 

5  R.  P.  M.  at  end  of  Pass. 

6  Mean  R.  P.  M.  during  Pass. 

7  Mean  M.  E.  P.  during  Pass. 

8  Mean  I.  H.  P.  during  Pass. 

9  Maximum  I.  H.  P.  during  Pass. 

10  I.  H.  P.  Seconds  during  Pass. 

11  Mean  Kinetic  Energy  H.  P.  during  Pass. 

12  Maximum  Kinetic  Energy  H.  P.  during  Pass. 

13  Kinetic  Energy  H.  P.  Seconds  supplied  during  Pass. 

14  Mean  Friction  H.  P.  during  Pass. 

15  Friction  H.  P.  Seconds  during  Pass. 

16  I.  H.  P.  Seconds  during  Interval. 

17  Kinetic  Energy  IT.  P.  Seconds  Stored  during  Interval. 

18  Friction  H.  P.  Seconds  Lost  during  Interval. 

19  H.  P.  Seconds  of  Work  available  for  Rolling. 

20  Sum  of  H.  P.  Seconds  of  Work  available  for  Rolling. 


492  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 

21  Percent  of  Total  Work  used  for  Rolling. 

22  Percent  of  Total  Work  Lost  due  to  Friction. 

23  Average  Release  Pressure  at  0.9  Stroke. — Lb.  absolute. 

24  Dry  Steam  for  Pass  Period  from  Indicator  Cards. 

25  Steam  for  Pass  Period  from  Steam  Meter. 

26  Percent  excess  of  Steam  from  Meter  over  Steam  from 
Cards. 

27  Total  Steam. — Lb. 

28  Total  Steam  per  Ton  of  Steel. — Lb. 

29  Steam  per  I.  H.  P.  Hour. — Lb. 

30  Steam  per  Hour. — Lb. 

31  Height  and  Width  of  Bloom. — Inches. 

32  Shape  of  Section. 

33  Draft. — Inches. 

34  Area  of  Section. — Sq.  In. 

35  Reduction  of  Area. — Sq.  In. 

36  Percent  Reduction  of  Area. 

37  Length  of  Ingot  after  Pass. — Feet  and  Inches. 

38  Number  of  Elongations. 

39  Volume  of  Metal  Displaced. — Cu.  In. 

40  Sum  of  Volumes  Displaced. — Cu.  In. 

41  Percent  Sum  of  Volumes  Displaced. 

H.  P.  Seconds  of  Net  Work  per  Cu.  In.  of  Metal  Dis¬ 
placed. 

Foot-pounds  of  Net  Work  per  Cu.  In.  of  Metal  Dis¬ 
placed. 

43  Temperature  of  Steel. 

A  complete  and  detailed  record  of  data  and  power  balance 
for  each  stroke  or  half-stroke  is  submitted  in  the  power  curves, 
Fig.  29  and  30.  This  record  includes  speed  curve,  time  for  all 
events,  mean  effective  pressures  from  every  card,  indicated 
horse-power  curve,  friction  horse-power  curve,  kinetic  energy 
horse-power  curve,  and  mill  load  curve.  These  curves,  when 
plotted  correctly,  show  at  a  glance  the  relations  of  each  and 
every  quantity  and  event  involved  in  the  entire  cycle  of  rolling 
an  ingot,  the  maximum  points  on  each  curve  and  an  approxi¬ 
mate  conception  of  the  various  losses  of  power  and  the  effi¬ 
ciency  of  the  mill. 


I 
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Power  Curves  from  Reversing  Blooming  Mill. 
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21  Percent  of  Total  Work  used  for  Rolling. 

22  Percent  of  Tntai  Alt7~1  1  \  <1hp  to  TTVinti*™ 

23  Aver 

24  Dry 

25  Steal 

26  Perc< 

Cards. 

27  Total 

28  Total 
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For  ideal  conditions,  the  mill  load  curve,  during  any  one 
pass,  should  vary  in  magnitude  in  direct  proportion  to  the 
speed  curve,  since  the  tangential  force  must  be  constant.  At 
times,  variations  in  this  curve  are  noticed,  and  are  probably 
due  to  lack  of  homogeneity  in  the  metal  structure,  irregularity 
in  the  temperature  of  the  steel,  unevenness  in  the  roll  circum¬ 
ference  or  journal,  or  friction  of  the  bloom  held  firmly  between 
the  manipulator  and  the  side  plates  of  the  table.  However,  in 
spite  of  these  small  fluctuations,  the  curves  give  a  very  reliable 
representation  of  the  forces  at  work  in  a  mill  during  the  roll¬ 
ing  process. 

To  be  used  in  conjunction  with  these  curves,  other  char¬ 
acteristics  may  be  plotted  which  will  show,  to  the  same  scale, 
mean  effective  pressures  in  each  cylinder,  admission  pressures, 
release  pressures,  average  back  pressure,  compression  pressures, 
and  lbs.  steam  per  stroke.  Such  curves  will  show  the  working 
of  the  engine  in  complete  detail,  and  by  observation  of  concur¬ 
ring  events,  certain  defects  in  engine  design  and  operation  may 
be  detected,  and  the  way  pointed  out  for  their  elimination. 

In  conclusion,  it  may  be  said  that  there  is  yet  much  to  be 
accomplished  in  the  field  of  mill  power  testing  and  its  allied 
branches.  It  would  be  very  gratifying  were  more  tests  to  be 
made  along  the  lines  herein  suggested,  since  only  by  the  accumu¬ 
lation  of  reliable  and  comparative  test  results  on  mills  of  dif¬ 
ferent  forms  will  the  maximum  gain  to  the  industry,  from  such 
investigations,  be  realized.  It  is  not  essential  that  all  should 
use  the  same  details  of  method ;  the  requirement  being  that  the 
same  fundamental  terms  be  used  in  order  that  one  may  be 
understood  by  the  other  in  quoting  values. 

There  are  several  other  fertile  fields  for  further  investiga¬ 
tion,  closely  allied  with  the  main  subject  of  mill  power,  which 
have  been  barely  outlined  in  this  paper.  Among  these  may  be 
mentioned  strength  of  steel  at  high  temperatures,  spread  of 
steel  in  roll  passes,  friction  in  roll  journals,  and  the  intricacies 
involved  in  a  complete  solution  of  the  problem  of  flow  of  steel 
in  the  rolling  process. 

You,  who  are  familiar  with  the  operation  of  large  rolling 
mills,  will  agree  with  the  statement  that  in  no  other  field  are 
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prime  movers  subjected  to  more  severe  conditions  of  service. 
The  forces  at  work  are  of  such  magnitude  that  within  two  or 
three  consecutive  strokes  the  cylinder  effort  will  vary  from 
zero,  or  even  negative,  to  a  maximum  positive,  and  these  vari¬ 
ations  can  occur  within  one  or  two  seconds,  more  or  less  de- 
* 

pending  upon  the  speed.  It  is  due  to  these  great  variations, 
probably,  that  engineers  have  refrained  from  investigating  the 
subject,  and  that  considerable  vagueness  and  mystery  have 
been  woven  about  the  whole  matter,  which,  from  an  experi¬ 
mental  point  of  view,  has  been  considered  extremely  difficult, 
and  is,  without  good  instruments.  But  if  these  are  available 
and  accurately  record  the  various  events,  the  measurements  be¬ 
come  quite  simple,  and  from  them  can  be  produced  complete 
pictures  of  the  most  extreme  variations,  as  for  example,  those 
prevailing  in  reversing  blooming  mills,  which  may  be  followed 
throughout  the  mill  cycle.  Such  curves  will  furnish  any  or 
all  information  needed  for  investigating  the  performance  of  the 
engine  or  mill. 

Our  object  in  presenting  the  paper  has  been  to  encourage 
experiment  and  discussion  in  this  field,  which  is  so  large  and  so 
greatly  concerns  both  mill  engineer  and  engine  builder,  whose 
interests  are  mutual  and  who,  through  hearty  co-operation  and 
exchange  of  data,  can  remove  some  of  the  defects  of  present 
mill  engines,  and  evolve  a  machine  which  will  not  only  be 
sufficiently  strong  for  rolling  mill  work,  but  which  will  also  per¬ 
form  that  work  economically. 

DISCUSSION 

Mr.  Victor  E.  Edwards  When  we  consider  the  vast 
amount  of  work,  money  and  ability  expended  by  Dr.  Puppe 
in  developing  a  formula  for  the  power  required  to  roll  metal, 
it  is  indeed  unfortunate  that  he  did  not  choose  a  formula  that 
was  rational.  His  formula 

(Qi— Q2)l,1i 

work  done 

is  bad  for  covering  the  ordinary  range  of  single  reductions, 
for  figuring  a  ^group  of  passes  as  necessary  when  considering 
continuous  mills,  it  is  useless.  Tts  absurdity  is  obvious  when 

♦Vice  President,  Morgan  Construction  Co.,  Worcester,  Mass. 
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one  notes  that  by  this  formula  twice  the  work  required  to  give 
a  50  percent  reduction  will  give  100  percent  reduction. 

Twenty-eight  years  ago  the  writer  was  asked  to  compute 
the  relative  power  required  to  roll  billets  to  rods  compared  with 
the  power  required  to  draw  the  same  rods  to  ware.  It  was  first 
necessary  to  assume  a  common  unit  for  comparison.  One  base 
only  appeared  rational, — the  power  required  to  cause  a  unit 
reduction  of  a  unit  mass  in  a  unit  time.  The  units  the  writer 
first  adopted  were:  A  unit  reduction  of  50  percent,  or  doubling 
the  length ;  a  unit  mass  of  one  ton ;  and  a  time  unit  of  one 
minute.  This  gave  a  formula 


HP=C  T  D 

C  =  Constant. 

T  =  Tons  worked  per  minute. 

D  =  Doublings  or  number  of  times  the  length  has  been  doubled. 

This  formula  led  the  author  to  prepare  a  table  of  elonga¬ 
tions  and  “doublings”  corresponding  with  each  successive  per¬ 
cent  reduction  from  one  to  99  percent.  This  table  was,  of 
course,  a  table  of  logarithms  having  the  elongation  2  for  a 
base,  where 

Log  2  =  1 
“  4  =  2 
“  8  =  3 
etc. 

But  this  was  entirely  unnecessary  labor,  as  every  one  knows 
that  logarithms  of  any  base  are  made  by  multiplying  common 
logarithms  by  the  reciprocal  of  the  common  logarithm  of  the 
desired  base,  or  in  other  words,  by  a  constant.  Hence  the 
formula  is  more  available  when  common  logarithms  are  used, 
and  it  becomes 


HP  =  C  T  log  E 

where 


E  =  Elongation  = 


length  after  rolling 
length  before  rolling 


This  simply  changes  our  unit  reduction  from  50  to  90  per¬ 
cent;  ninety  percent  reduction  having  an  elongation  of  10  to  1, 
and  10  is  the  base  of  our  common  logarithms  which  are  uni¬ 
versally  available. 

In  the  above  formula  C  is  a  constant  when  other  condi- 
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tions  are  constant,  but  other  conditions  are  seldom  constant. 
Everyone  knows  that  the  blacksmith  can  elongate  a  bar  most 
easily  on  the  small  end  of  the  horn  of  his  anvil.  But  what  is 
the  formula?  Careful  and  extended  dynamometer  tests  of 
cold  rolling  relatively  wide  strips  of  commercially  pure  alumi¬ 
num  showed  clearly  that  the  power  required  increased  somewhat 
faster  than 


where 

D  =  Roll  diameter, 
t  =  Finished  thickness. 


This  changes  our  formula  to: 

HP  =  C  T  log  E 


Commercially  pure  aluminum  was  chosen  because  its  mal¬ 
leability  is  perhaps  exceeded  only  by  gold  and  silver,  and  it 
does  not  harden  appreciably  with  continued  rolling.  Averages 
of  repeated  tests  plotted  on  logarithmic  cross  section  paper  to 
the  above  formula  as  shown  on  the  accompanying  diagram,  see 
Fig.  31,  appear  to  indicate  that  the  power  does  increase  almost 
directly  as 


between  the  values 

I  D  ID-' 

-V--  =5  to  A  —  ==10 

l  l 

After  passing  the  latter  point  the  power  required  increases 
more  rapidly,  until  for  values 

y  t 

the  unit  power  required  was  30  to  50  percent  more  than  called 
for  by  the  formula.  Perhaps  part  of  this  was  due  to  the  hard¬ 
ening  of  the  aluminum  by  the  continued  rolling.  But  is  not 
much  of  it  due  to  the  increased  ratio  between  the  arc  of  contact 
and  the  thickness  of  the  metal?  In  other  words  is  it  not  true 
that  more  pressure  per  unit  area  is  required  to  compress  a  very 
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thin  sheet  of  metal  between  two  flat  plates  than  would  be  re¬ 
quired  to  compress  a  much  thicker  sheet?  The  diagram  also 
appears  to  indicate : 

1.  That  40  to  60  percent  reductions  are  most  economical 
in  use  of  power. 

2.  That  reductions  less  than  30  percent  are  extravagant 
in  power  consumption,  due  perhaps  to  excessive  proportion  of 
journal  friction. 

3.  That  rough  rolls  require  much  more  power  than  smootli 
rolls. 

Let  us  assume  a  concrete  example  of  a  pure  continuous 


2  3  5  fe 


WORK  REQUIRED  FOR  UNIT  REDUCTION 

DIAGRAM  SHOWING  RELATIVE  WORK  REQUIRED 

TO  ROLL  PLATES  OF  VARYING  FINAL  THICKNESS 

AND  PERCENTAGE.  REDUCTIONS. 


Fig.  31. 
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mill  rolling  wide  flats,  taking  50  percent  reduction  at  each  pass. 
If  we  assume  the  roll  diameters  and  temperature  to  be  constant 
then  each  pass  would,  from  the  above  formula,  require  V2=1.41 
times  the  power  required  by  the  preceding  pass. 

Another  factor  nearly  as  important  as  roll  diameter  is  tern 
perature.  Someone  has  covered  this  in  what  appears  to  be  a 
perfectly  logical  way  by  assuming  that  power  varies  directly 
with  the  tensile  strength  of  the  bar  being  rolled.  Adding  this 
makes  the  formula  quite  complete : 

HP=CTlogE>As 

L 

where 

S  =  Tensile  strength  at  the  rolling  temperature. 

This  formula  clearly  shows  why  a  continuous  sheet  bar 
mill  may  require  more  power  to  deliver  bar  in*  thick  than  it 
does  to  deliver  twice  the  tonnage  at  the  same  speed  of  bar  y2  in. 
thick  and  only  slightly  warmer. 

It  is  interesting  and  easy  to  remember  that  through  nearly 
the  entire  range  of  rolling  temperatures,  a  reduction -of  400 
deg.  Fahr.  practically  doubles  the  tensile  strength,  and  hence 
the  power  required  to  roll.* 

The  formula  also  shows  why  the  Morgan  Construction  Com¬ 
pany  has  always  used  small  rolls  and  high  speeds  to  conserve 
temperature  and  power. 

At  least  one  more  factor  is  necessary  to  make  the  formula 
complete, — the  efficiency  of  the  pass.  Obviously  the  metal  can 
take  the  speed  of  the  roll  at  one  point  only  in  the  arc  of  contact. 
At  all  other  points  the  metal  must  slip,  either  against  the  face 
of  the  roll  or  internally.  (As  an  example:  It  is  well  known 
that  barrel  hoop  may  deliver  fully  10  percent  faster  than  the 
surface  speed  of  the  roll.)  This  slipping,  either  external  or 
internal,  requires  and  wastes  power.  The  smoother  the  roil 
the  less  power  wasted.  You  all  know  cold  rolling  is  done  in 
oil.  You  also  recall  that  all  rolls  for  cold  work  are  ground  as 
true  and  smooth  as  possible.  Should  not  the  same  reason  lead 
us  to  grind  with  much  care  all  rolls  for  hot  work  that  can  be 

•Kent,  p.  440.  Kollman’s  experiments  at  Oberhausen. 
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so  finished?  Less  power  is  required.  *  The  rolls  last  longer. 
Better  work  is  produced. 

The  above  all  applies  to  plain  flat  presses. 

The  efficiency  of  all  shaped  passes  decreases  as  the  slipping 
increases.  This  loss  of  efficiency  is  especially  noticed  in  some  of 
the  passes  used  in  rolling  rails.  But  the  benefits  from  using 
such  passes  may  fully  warrant  the  resulting  excess  roll  wear 
and  power.  It  may  not  be  easy  to  get  a  formula  that  will  cover 
the  efficiency  of  a  pass,  but  it  should  not  be  overlooked  in  com¬ 
puting  power  requirements. 

Dr.  Puppe  has  published  a  vast  amount  of  reliable  data. 
Motor  driven  mills  offer  reliable  data  with  almost  no  effort. 
The  Gary  billet  mill  data  is  excellent  for  several  reasons: 

There  are  no  inertia  corrections  to  be  made. 

There  are  no  complications  by  overlapping  of  passes  as  in 
regular  three-high  mills. 

The  bloom  is  turned  after  each  pass  so  that  the  section  is 
never  far  from  square,  i.  e.,  the  efficiency  of  all  passes  is  nearly 
constant. 

The  reductions  are  exceptionally  uniform  and  heavy. 

The  reductions  are  extended, — from  a  heavy  ingot  to  1^4  in¬ 
square  billet  at  one  heat. 

The  temperature  is  fairly  constant  for  all  passes. 

The  figures  of  the  Gary  motor  driven  mills,  published  by 
Mr.  Shover,  plot  out  beautifully  by  our  first  simple  formula : 

HP  =  C  T  log  E 

Such  a  plot  shows  clearly  that  the  unit  power  steadily  in¬ 
creases  from  the  first  ingot  pass  to  1^4  in.  square  by  some  six 
to  nine  percent  for  each  pass.  This  increase  in  power  or  in 
1<G”  is  explained  first  by  relative  increase  of  roll  diameter,  and 
second  by  cooling.  A  comparison  of  these  figures  with  those 
from  the  adjacent  rail  mill,  clearly  emphasizes  “pass  efficiency” 
and  the  difficulties  of  estimating  the  power  required  for  com¬ 
plicated  passes. 

The  Authors:  It  is  perhaps  not  within  the  authors’  do¬ 
main  to  reply  to  the  remarks  of  Mr.  Edwards  since  they  refer 
in  no  instance  to  the  paper  under  discussion,  but  are  confined 
exclusively  to  the  work  of  Dr.  Puppe  and  Mr.  Edwards. 
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Dr.  Puppe’s  work  requires  no  defense,  but  it  should  be 
noted  that  he  expended  a  considerable  amount  of  work,  money, 
and  ability,  not  in  the  develop, ment  of  a  formula,  but  in  the 
accumulation  of  a  large  amount  of  very  valuable  test  data  on 
the  power  required  to  roll  steel,  realizing  the  futility  of  at¬ 
tempting  to  develop  a  formula  by  a  series  of  assumptions,  such 
as  employed  by  Mr.  Edwards,  without  the  use  of  accurate  and 
detailed  test  results  as  a  fundamental  basis. 

In  spite  of  the  limitation  stated  above  ,it  is  perhaps  advi¬ 
sable  to  consider  two  points  which  may  otherwise  prove  mislead¬ 
ing  to  some  readers. 

The  statement  “Its  absurdity  is  obvious  when  one  notes  that 
by  this  formula  twice  the  work  required  to  give  a  50  percent 
reduction  will  give  100  percent  reduction”  is  difficult  to  de¬ 
scribe  without  the  use  of  a  word  contained  therein,  and  that 
being  the  case,  argument  is  useless.  We  would  therefore  merely 
point  to  the  curve  of  work  per  unit  of  elongation  shown  in  Fig. 
27.  A  reduction  of  100  percent  means  infinite  elongation,  and 
since  the  work  curve  rises  with  increasing  elongations  there 
will  be  infinite  foot-pounds  for  infinite  elongations,  or  100  per¬ 
cent  reduction,  and  not  twice  the  work  required  for  one  elonga¬ 
tion  or  50  percent  reduction. 

It  should  also  be  noted  that  the  formula  derived  by  Mr. 
Edwards  includes  a  meaningless  term  C  which  is  evidently  used 
to  absorb  all  discrepancies  and  inaccuracies  introduced  by  the 
other  assumptions,  which  are  said  to  cover  all  conditions.  The 
latter  being  the  case,  why  is  an  additional  constant  needed? 
However,  were  the  constant  not  present  we  would  anticipate 
some  startling  results  and  it  is  safe  to  say  that  Mr.  Edwards 
would  not  design  a  mill  using  this  formula  without  this  ad¬ 
ditional  constant  or  a  large  factor  of  safety. 

The  fallacy  of  using  the  hyberbolic  or  any  other  logarithm 
in  a  calculation  of  this  kind  is  discussed  in  detail  at  another 
place  and  need  not  be  considered  here,  since  the  argument  ap¬ 
plies  with  equal  force  to  any  of  the  erroneous  formula  based 
on  logarithms. 

Mr.  F.  G.  Gasche*  :  The  concluding  paragraph  of  this 
paper  indicates  the  objects  held  in  view  by  Messrs.  Siebert  and 

♦Mechanical  Engineer,  Illinois  Steel  Company,  South  Chicago,  Ill. 
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Fitzgerald.  The  hearty  cooperation  between  mill  engineers 
and  engine  builders  necessarily  extends  to  many  inolved  in  the 
electrical  industries  in  these  days  of  motor  driven  mills.  The 
attack  of  a  given  mill  problem  necessitates  the  exchange  of  data 
more  specific  than  the  limits  of  a  paper  the  Society  would 
countenance.  Notwithstanding  this  limitation,  a  word  of  com¬ 
mendation  should  be  given  in  behalf  of  the  authors,  rather  than 
a  hasty  condemnation  for  superficiality  of  treatment  of  the  sub¬ 
ject.  With  a  full  appreciation  of  the  excellence  of  the  ex¬ 
perimental  apparatus  and  many  methods  which  the  authors 
have  applied  to  their  problem,  it  must  be  kept  in  mind  that 
possibly  they  have  labored  under  some  sort  of  constraint  wliicli 
prevents  a  more  satisfactory  statement  of  their  experimental 
results.  The  authors  have  avowed  the  purpose  of  stimulating 
discussion  of  the  class  of  problems  involved  in  this  paper,  and 
in  the  light  •  of  considerable  personal  effort  along  this  line  of 
experimental  work  I  will  endeavor  to  facilitate  progress  by  ob¬ 
servations  which  are  intended  wholly  as  constructive  criticism. 

When  an  industry  reaches  the  stage  in  its  manufacturing 
problems  where  nothing  short  of  elaborate  and  costly  experi¬ 
mental  investigations  will  satisfy  the  demand  for  progress, 
much  time  and  money  can  be  saved  provided  the  three  funda¬ 
mental  requirements  of  research  work  are  fully  appreciated. 

First :  A  definite  object  must  be  specified  with  such  detail 
that  the  ultimate  results  of  an  investigation  will  constitute 
fundamental  information. 

Second :  The  experimental  apparatus  and  methods  must  be 
thoroughly  adapted  to  the  ends  in  view. 

Third :  The  experimental  data  must  be  thoroughly  analyzed 
and  interpreted  in  units  of  measurement  that  have  an  un¬ 
equivocal  meaning. 

The  state  of  the  art  with  reference  to  the  energy  require¬ 
ments  of  roll  train  operations  has  not  reached  the  stage  where 
we  can  write  out  specifications  for  the  roll  turner,  giving 
preference  to  certain  fillets,  collar  angles,  depths  of  grooves,  etc., 
as  a  means  of  improving  the  product.  To  a  small  degree,  it 
has  been  possible  to  secure  some  improvement  in  power  de¬ 
mands,  and  the  distribution  of  effort  over  a  number  of  con¬ 
secutive  roll  passes.  As  matters  stand  today,  the  roll  turner, 


502  PROCEEDINGS  ENGINEERS ,  SOCIETY  WESTERN  PENNA. 

through  a  long  personal  experience,  prepares  templates  for  a 
set  of  grooved  rolls  that  “look  about  right”,  and  the  engineer 
must  devise  the  means  of  turning  the  mill  against  such  resist¬ 
ances  as  will  attend  the  use  of  the  rolls.  In  the  feeble  light 
of  such  precedents  as  were  available,  not  to  say  the  handicap  of 
too  much  “practical”  experience,  was  born  the  expression 
“Power  required  to  roll  steel.”  Were  it  not  so  persistent  and 
destructive  of  critical  thought  with  reference  to  roll  train  re¬ 
sistances,  the  expression  might  remain  unchallenged  as  a  mere 
convenience.  Observe  the  incongruity.  Power  is  a  rate  cf 
doing  work  and  “Power  to  roll  steel”  is  indicative  of  nothing 
but  the  fact  that  the  faster  the  steel  is  pulled  through  the  roils 
the  more  “power”  is  required.  This  imperfection  of  idea  is 
responsible  for  the  evolution  of  many  derived  “units”  of 
measurement  with  reference  to  roll  train  phenomena  that  should 
be  suppressed  in  these,  the  early  days  of  the  development  of  a 
rational  theory  of  roll  train  resistances.  Having  had  the  per¬ 
sonal  responsibility  of  adapting  engines  of  many  different  types 
and  many  electric  motors  to  the  functions  of  mill  operations  I 
am  prepared  to  say  that  the  term  “horse  power”  has  no  legiti¬ 
mate  place  in  the  language  of  the  designer  of  mill  drives  so 
far  as  the  specification  of  the  fundamental  characteristics  of 
such  driving  mechanism  is  concerned. 

When  later  considerations  necessitate  the  study  of  mill 
costs  and  power  supply  it  is  convenient  to  use  the  units  of 
horse  power  or  kilowatt. 

The  item  of  the  utmost  concern,  with  reference  to  roll  tram 
phenomena,  is  the  momentary  resistance,  say  torque,  imposed 
by  the  rolls  on  the  engine  or  motor.  In  addition  to  this  the 
amount  of  energy  required  by  a  given  mill  operation  is  funda¬ 
mental  to  a  proper  design.  The  full  specifications  of  load  con¬ 
ditions  applying  to  a  given  roll  train  and  sufficient  for  the 
adaptation  of  either  an  engine  or  a  motor  to  the  same  are  em¬ 
bodied  in  a  simple  rectangular  diagram  of  energy  in  which  the 
ordinates  represent  pounds  torque  at  unit  radius  and  the 
abcissae  represent  distance  traversed  by  the  extremity  of  unit 
radius  during  the  pass.  Different  passes  will  have  different 
energy  diagrams,  and  it  may  happen  that  neither  the  diagram 
with  the  maximum  ordinate  nor  the  diagram  of  maximum  length 
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is  indicative  of  the  most  severe  demands  on  the  driving  mecn- 
anism.  Since  this  energy  diagram,  in  terms  of  the  fundamental 
units  of  the  foot,  pounds,  and  seconds,  is  entirely  sufficient  for 
purposes  of  design  it  relieves  of  the  use  of  frequent  conversion 
factors,  if  not  actual  error,  if  we  suppress  for  all  time  the 
unit  “horse-power  seconds”  with  reference  to  roll  train  resist¬ 
ances. 

To  the  extent  that  the  authors  of  the  paper  have  developed 
their  experimental  results  in  terms  of  “horse-power  seconds'' 
it  would  seem  advisable  to  further  amplify  the  same  in  the  foot 
pounds  second  system  as  an  inevitable  requirement  if  the  data 
is  to  constitute  the  basis  of  a  rational  design  of  a  new  mill. 

The  experimental  apparatus,  as  described,  is  the  evidence 
of  much  thought  and  application  on  the  part  of  Messrs.  Siebert 
and  Fitzgerald.  Some  idea  of  their  difficulties  may  be 
imagined  when -considering  the  array  of  experimental  apparatus 
and  the  number  of  assistants  required,  together  with  the  fact 
that  all  records  must  be  obtained  for  a  pass  that  may  not  re¬ 
quire  two  seconds  with  repetition  of  such  events  with  intervals 
of  two  to  ten  seconds,  according  to  the  conditions  of  mill  opera¬ 
tion.  In  the  light  of  the  present  state  of  certain  domains  of 
physical  science  it  seems  that  such  elaborate  preparations  and 
experimental  work  are  inevitable,  since  no  rational  treatment 
of  roll  train  resistances  is  available  in  the  way  of  technical 
literature.  The  engineer  must,  by  these  tedious  experimental 
methods,  establish  his  “bench  marks”  but  the  rolling  mill 

interests  should  not  be  encumbered  bv  the  necessitv  of  infinite 

•/  •* 

repetitions  of  such  heroic  experimental  efforts  for  every  conceiv¬ 
able  class  of  product.  While  such  experiments  continue  to  be 
made  I  would  advise  the  permanent  record  of  many  items  con¬ 
cerning  the  rolls  and  their  grooves  which  are  apparently 
esteemed  of  secondary  importance  by  the  authors  of  the  paper. 
This  can  be  represented  by  full  size  drawings  of  the  grooves 
and  dimensional  records  concerning  the  rolls  in  general  whieti 
will  be  fundamental  in  future  analysis  of  the  forces  in  action. 

The  temperature  of  the  steel,  as  observed  by  the  pyrometers, 
can  scarcely  indicate  more  than  a  surface  temperature  while  the 
body  temperature  may  be  considerably  higher  than  this.  What 
influence  this  temperature  difference  may  have  on  the  resistance 
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of  the  body  as  a  whole  has  not  been  established.  Several  dia¬ 
grams  have  been  published  showing  the  reputed  relation  be¬ 
tween  temperature  and  “tensile  strength.’ *  Can  anbody  assert 
that  a  simple  tensile  stress  is  imposed  on  a  bar  of  steel  by  the 
rolling  process,  or  even  that  such  a  stress  predominates  at  such 
times?  The  observation  of  temperature  of  rolled  steel  may  be 
classed  with  information  that  may  become  valuable,  but  it  re¬ 
mains  to  be  proved  that  the  so-called  ordinary  rolling  tempera¬ 
tures  are  sufficiently  variable  to  cause  a  noticeable  difference  in 
roll  train  resistance. 

Concerning  much  of  the  explanation  of  the  processes  in¬ 
volved  in  reduction  of  experimental  data,  I  would  suggest  that 
these  difficulties  could  be  reduced,  if  not  eliminated,  by  a  differ¬ 
ent  method  in  interpreting  results.  The  item  of  leading  informa¬ 
tion  applying  to  any  pass  is  the  turning  force  or  torque  imposed 
by  the  roll  train.  If  mean  effective  pressures,*  inertia  effects, 
back  pressures,  etc.,  are  preserved  in  their  identity  as  forces 
operating  at  say  unit  radius  there  is  a  wholesome  escape  from 
the  units  of  “average  horse  power”  with  restriction  and 
“kinetic  energy  horse  power”  while  we  may  arrive  at  a  definite 
and  unequivocal  quantity,  viz.,  force  required  to  turn  the  rolls. 
The  rate  of  application  of  such  forces  is,  for  the  immediate 
purpose  in  hand,  inconsequential. 

In  the  early  days  of  large  motor  applications,  the  moment 
of  inertia  of  rotating  masses  constituted  a  leading  item  in  the 
specification  of  motor  characteristics  and  construction. 
Dynamically,  and  in  the  only  form  which  is  serviceable  for  in¬ 
volved  calculations  this  is  essentially  mass  times  square  of  the 
radius  of  gyration.  Commercial  agencies  devised  a  unit  of 
inertia  effect  which  they  called  “Pounds  at  unit  radius  squar¬ 
ed”  which  has  been  dignified  with  respectibility  by  several 
writers  on  dynamical  matters.  In  all  cases  it  is  necessary  to 
divide  this  new  unit  by  g,  the  acceleration  of  gravity,  before  its 
numerical  value  is  adaptable  to  any  dynamical  engineering  cal¬ 
culations.  I  recommend  that  the  authors  remove  the  figure  2 
from  the  denominator  of  the  fraction  representing  moment  of 
inertia,  as  we  do  not  require  any  additional  units  to  specify 
moment  of  inertia.  The  expression 
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is  not  true  with  the  figure  2  removed  except  in  the  particular 
case  of  a  solid  circular  disc.  For  a  flywheel  rim  we  cannot  us 3 
even  the  mean  radius,  but  the  mean  of  the  squares  of  the  radii. 
These  are  academic  matters  that  require  no  ventilation,  but 
they  are  sufficient  to  advise  the  revision  of  the  formulae  in  the 
paper  with  which  fundamental  numerical  values  are  said  to  be 
derived. 

I  will  not,  in  the  limits  of  a  discussion,  attempt  to  prove 
the  error  of  the  calculations  of  roll  train  resistance  based  on  the 
conception  of  “volumes  of  displacement”,  but  the  statement  in 
a  succeeding  paragraph  is  more  definite  and,  therefore,  worthy 
of  notice. 

The  authors  state: 

“A  value  of  tangential  force  exerted  at  a  roll  circumference 
can  be  found  by  dividing  the  total  foot  pounds  of  work  per 
pass  at  the  rolls  by  the  product  of  reduction  of  area  in  square 
inches  and  the  length  of  the  bloom  in  feet.”  Put  in  dimensional 
form  this  is  equivalent  to  the  statement, 


Force  = 


foot  pounds  foot  pounds 


area  X  length  volume 
A  further  dissection  of  this  ratio  into  its  elements  would 
reveal  that  two  quantities  are  equated  which  have  no  common 
unit  of  measure  and  the  relations  thus  specified  by  the  authors 
cannot  even  be  empirical  for  a  range  of  values  applying  to  a 
given  mill  product. 


The  Authors:  Mr.  Gasche  has  failed  to  appreciate  the 
fact  that,  as  requested  by  the  Society,  and  as  plainly  stated  in 
the  text,  test  results  are  not  a  part  of  this  paper.  The  miscel¬ 
laneous  results  included  are  not  given  with  that  end  in  view,  buj 
only  as  an  illustration  of  the  methods  of  presentation.  There 
has  been  absolutely  no  restraint  in  developing  the  subject  of  the 
paper. 

It  would  consume  too  much  space  to  reply  to  all  of  Mr. 
Gasche ’s  many  criticisms,  so  but  the  few  important  features  will 
be  mentioned  here.  The  most  striking  point  to  be  considered  is 
the  fact  that  the  result  he  demands  most  emphatically  may  be  de- 
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rived,  by  a  simple  calculation,  from  the  one  which  he  condemns 
most  severely;  that  is,  turning  force  or  torque  may  be  found  by 
merely  leaving  out  the  item  “square  inches  reduction  of  area” 
in  the  calculation  of  the  term  “unit  tangential  force.”  The  ad¬ 
dition  of  “area  of  reduction M  to  the  calculation  puts  the  quan¬ 
tity  into  form  for  application  to  passes  of  different  width,  other 
conditions  being  the  same.  To  derive  a  “volume’’  from  the  mag¬ 
nitude  involved  is  overworking  the  dimensional  form  a  trifle, 
since  the  length  of  bloom  is  not  applied  as  such,  but  as  the  space 
during  which  the  force  acts,  thus  deriving  force  in  pounds  from 
total  work  in  foot-pounds. 

Mr.  Gaschc’s  three  fundamental  requirements  of  research 
work  have  been  fully  appreciated.  They  are  not  new,  nor  re¬ 
stricted  to  this  class  of  endeavor,  but  apply  with  equal  direct¬ 
ness  to  all  work,  at  all  times,  and  under  all  conditions. 

No  attempt  has  been  made  to  write  specifications  for  the 
roll  designer,  who,  however,  has  been  aided  in  many  cases  in 
the  distribution  of  work  in  the  various  passes  by  the  results 
of  carefully  conducted  mill  tests.  No  doubt,  when  more  de¬ 
tailed  information  is  obtainable,  in  the  way  of  pass  and  collar 
friction  and  spread,  the  roll-turner  will  be  still  further  assisted 
in  his  work.  However,  the  state  of  the  art  has  reached  the  stage 
in  many  European  plants,  where  specifications  for  roll  grooves 
are  given  to  the  roll-turner,  who  follows  them  to  no  small  de¬ 
gree. 

The  expression  “Power  required  to  roll  steel”  is  by  no 
means  an  incongruity,  nor  can  it  by  any  construction  be  con¬ 
sidered  destructive  of  critical  thought  on  the  subject,  since  in 
no  case  is  the  term  horsepower  used  without  its  accompanying 
time  element,  by  means  of  which  it  is  made  fully  as  definite  and 
fundamental  a  unit  as  foot-pounds  of  work  or  turning  force  hi 
pounds.  Were  we  seeking  a  wholesome  escape  from  engine  and 
kinetic  energy  horse-power,  we  would  have  restricted  our  work 
to  the  method  of  “arriving  at  a  definite  and  unequivocal  quan¬ 
tity,  force  required  to  turn  the  rolls,  by  preserving,  in  their 
identity,  mean  affective  pressure,  inertia  effects,  back  pressures, 
etc.,”  as  now  devised  by  Mr.  Gasche.  But  we  also  wish  to  plot 
continuous  curves  of  power  which  give  at  a  glance  derivatives 
of  the  forces  and  also  the  rate  of  application  which  is  equally 
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useful.  If  one  wishes  only  turning  force  at  rolls,  that  may  be 
calculated  from  the  speed  and  M.  E.  P.  curves,  without  the 
necessity  of  disqualifying  the  other  curves  which  have  been 
found  useful  and  desirable  by  many  engineers  and  designers. 

Mr.  Gasche  advises  the  amplification  of  liorse-power-seconds 
to  foot-pounds.  This  is  already  done  in  the  summary  sheet  which 
has  been  shown.  The  term  horse-power-seconds  is  too  convenient 
a  figure  to  suppress  for  all  time.  If  the  use  of  the  factor  “550” 
is  liable  to  lead  to  serious  error,  we  recommend  the  use  of  a  con¬ 
version  table  giving  the  corresponding  values,  in  parallel  col¬ 
umns,  for  horse-powcr-seconds  and  foot-pounds. 

No  mention  was  made  of  the  necessity  of  infinite  tests  on 
every  conceivable  class  of  product.  The  requirement  is  for  a 
few  representative,  and,  above  all,  reliable  tests.  The  items 
concerning  the  rolls  and  their  grooves  have  not  been  considered 
of  secondary  importance  by  the  authors,  who  in  reporting  the 
results  of  a  specific  test,  include  detailed  information  of  this 
character. 

The  pyrometer  does  measure  accurately  only  the  surface 
temperature,  but  it  is  no  more  than  reasonable  to  suppose  that 
for  a  given  size  of  piece,  there  is  a  fairly  constant  relation  be¬ 
tween  surface  and  average  temperatures.  Contrary  to  Mr. 
Gasche ’s  statement,  it  has  been  proved  by  the  authors,  by  Puppe, 
and  by  others,  that  the  so-called  rolling  temperatures  are  suf¬ 
ficiently  variable  to  cause  a  noticeable  difference  in  roll  train 
resistance.  No  claim  was  made  for  an  absolute  relation  between 
rolling  force  and  curves  of  tensile  or  crushing  strength.  It  may 
be  restated,  however,  that  there  is  a  very  interesting  and  in¬ 
structive  relation  to  be  observed. 

Mr.  Gasche  \s  advice  to  eliminate  the  figure  2  in  the  formula 


is  justified  by  the  fact  that  through  an  error  the  word  “mean" 
was  used  in  the  definition  of  r.  For  the  term  as  now  specified, 
that  is,  r  =  radius  of  each  part  considered  as  a  whole  or  part  of 
a  solid  cylinder,  the  formula  as  given  is  correct.  To  discriminate 
between  the  average  of  the  squares  and  the  square  of  the  av¬ 
erage  radii  in  figuring  the  inertia  of  a  fly-wheel  rim  is  truly 
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academic,  but  a  little  ventilation  may  be  helpful.  Considering 
a  rather  extreme  case,  that  of  a  25-foot  wheel  weighing  125  tons 
and  having  70  percent  of  the  total  weight  in  the  rim,  the  error 
introduced  would  be  less  than  one  percent.  Unfortunately,  we 
cannot  guarantee  mean  effective  pressures  within  that  limit. 

No  new  nor  helpful  method  of  measurement,  calculation, 
analysis  or  presentation  has  been  suggested  by  Mr.  Gasche,  so 
the  criticism  can  hardly  be  termed  constructive. 

Mr.  F.  B.  Crosby  :*  As  a  representative  of  a  firm  engaged 
in  the  manufacture  of  electrical  equipment  for  steel  mills,  I  am 
particularly  interested  in  this  question  of  the  practical  deter¬ 
mination  of  power  required  for  rolling  steel.  1  have  read  the 
advance  copy  of  the  paper  under  discussion  carefully  and  feel 
that  the  authors  are  deserving  of  the  sincere  appreciation  of 
both  operator  and  manufacturer  for  the  painstaking  thorough¬ 
ness  which  they  have  shown  in  making  their  tests  and  in  the 
presentation  of  conclusions  based  on  those  tests. 

Three  facts  have  been  clearly  indicated,  and  each  will  bear 
further  emphasis : 

First :  The  present  lack  of  definite  knowledge  on  this  sub¬ 
ject. 

Second :  The  difficulties  incident  to  obtaining  accurate 
data. 

Third:  The  very  real  need  of  such  data. 

I  believe  it  safe  to  say  that  in  no  other  industry  employing 
•  power  driven  machines  are  there  so  many  variables  directly 
affecting  the  net  power  required  for  useful  work  and  in  which 
so  little,  relatively,  is  known  regarding  the  effect  and  magni¬ 
tude  of  these  several  variable  factors.  The  very  rapid  expansion 
of  the  industry  during  the  recent  years  and  the  tendency  to 
“play  safe”  by  putting  in  unnecessarily  large  engines  or  mo¬ 
tors,  combined  with  the  great  difficulty  and  expense  of  carefully 
conducted  tests,  together  account  for  the  startling  discrepancies 
often  found  in  the  estimated  horse-power  as  submitted  by  mill, 
engine  and  motor  builders. 

An  instance  recently  came  to  my  attention  in  which  the 
horse-power  requirements  for  a.  given  mill  as  estimated  by  sev- 

♦Engineer,  General  Electric  Company,  Schenectady,  N.  Y. 
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eral  well-known  mill  and  engine  builders  varied  from  approxi¬ 
mately  400  h.  p.  to  over  2000  h.  p.,  yet  all  estimates  were  based 
on  the  same  data. 

The  bibliography  tabulated  by  the  authors  is  an  ample  in¬ 
dication  that  already  a  great  amount  of  work  has  been  done  in 
the  endeavor-  to  determine  for  various  conditions  the  proper 
value  of  the  power  unit  per  unit  of  metal  displaced.  Much  of 
this  pioneer  work  has  been  done  by  electrical  manufacturers  and 
technical  institutions.  The  operators  for  the  most  part  being 
too  busy  getting  out  tonnage  with  their  existing  equipment  to 
pay  much  attention  to  the  unit  power  consumption. 

There  are,  however,  two  important  reasons  why  the  elec¬ 
trical  manufacturer  has  exerted  himself  to  acquire  tins  data. 
There  is  today  in  this  country  at  a  conservative  estimate  225,000 
h.  p.  in  the  aggregate  of  electric  motors  driving  main  rolls,  and 
this  is  but  the  beginning.  Electric  drive  for  steel  mills 
is  now  an  assured  fact.  A  few  years  since,  and  to  a  great 
extent  even  yet,  when  the  replacement  of  steam  by  electric  drive 
was  contemplated  the  operator  could  give  the  manufacturer  little 
or  no  idea  of  the  motor  rating  required.  It  therefore  became 
necessary  for  the  manufatcurer  to  assume  the  initiative  and 
obtain  for  his  .own  use  data  from  which  to  design  his  motor. 
Owing  to  the  radical  difference  in  overload  and  speed  charac¬ 
teristics  of  the  steam  engine  and  electric  motor  it  was  found  that 
the  tonnage  capacity  of  the  mill  was  invariably  increased  when 
a  motor  of  the  same  nominal  rating  was  substituted  for  the 
engine.  Moreover,  in  order  to  obtain  most  desirable  operating 
characteristics  and  to  meet  increasing  competition  it  became  more 
and  more  important  that  the  first  cost  of  the  motor  be  as  low 
•  as  consistent  with  low  maintenance  and  depreciation  and  high 
operating  efficiency. 

The  other  reason  for  the  interest  shown  bv  the  elect i real 
manufacturers  lay  in  the  fact  that  of  all  known  forms  of  energy 
used  for  the  transmitting  power  electrical  energy  can  la*  most 
easily  and  most  accurately  measured. 

For  some  years  we  have  gathered  power  data  from  every 
available  source,  from  tests  made  in  this  country  and  abroad, 
on  both  steam  and  electrically'  driven  mills.  Analyzing  this  data 
and  selecting  the  most  consistent  results,  we  have  obtained  a 
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series  of  curves  plotted  in  terms  of  kilowatt  hours  per  ton  per 
unit  elongation,  which  do  not  vary  greatly  among  themselves  for 
a  given  product.  For  larger  notions,  we  believe  these  curves  to 
be  a  very  satisfactory  guide  in  the  design  of  the  motor.  In 
confirmation  of  this  belief  I  may  say  that  of  119  000  h.  p.  aggre¬ 
gate  of  main  roll  motors  now  installed  and  building  by  one 
company,  so  far  as  I  know,  we  have  yet  to  receive  the  first  com¬ 
plaint  of  failure  in  any  way  to  successfully  perform  the  duty 
required. 

There  is,  however,  a  very  real  need  of  further  tests,  par¬ 
ticularly  to  determine  the  average  requirements  of  mills  rolling 
the  smaller  sections  where  of  necessity  the  temperature  is  lower 
and  the  mill  friction  a  larger  percentage  of  the  total. 

As  already  intimated,  the  electrical  manufacturer  in  the 
endeavor  to  extend  the  field  of  practical  motor  application  has 
been  virtually  compelled  to  accumulate  data  which  in  the  end 
is  of  greatest  value  to  the  operator.  It  is  to  be  hoped  that  with 
a  clearer  realization  of  the  importance  of  this  data  from  the 
standpoint  of  economic  operation,  and  with  the  added  impetus 
which  the  paper  of  the  evening  must  surely  give  to  investigation 
of  this  character,  an  even  closer  co-operation  between  the  oper¬ 
ator,  mill  motor  and  engine  builders  may  be  had  for  common 
advantage  of  each. 

The  Authors  :  The  instance  cited  by  Mr.  Crosby  of  a 
variation  of  from  400  h.  p.  to  2000  h.  p.,  calculated  from  the 
same  data,  is  a  most  striking  illustration  of  the  failure  of  the 
so-called  “ simpler”  methods  which  have  been  in  use  in  the  past 
and  which  are  still  being  advocated  in  certain  quarters,  and 
shows  the  class  of  results  that  may  always  be  expected  from 
such  methods. 

While  much  excellent  work  has  been  done  along  this  line 
by  the  large  manufacturing  companies,  especially  electrical,  it 
is  probable  that  the  experimental  engineer  in  the  steel  plant  is 
in  better  position  to  conduct  such  investigation  because  of  his 
opportunity  to  be  intimately  acquainted  with  the  details  of  con¬ 
struction  and  operation  of  the  mill  and  prime  mover  to  be  tested. 
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Mr.  J.  W.  Shepardson  'Hie  paper  we  have  just  heard  is 
a  good  exposition  of  what  can  be  done  with  an  advanced  treat¬ 
ment  of  well-known  methods  in  power  determination  to  roll  steel. 
The  authors  describe  a  method  taking  a  very  complete  equip¬ 
ment,  a  large  number  of  observers  and  finally  a  great  deal  of 
work  in  interpreting  and  working  up  the  various  charts  obtained 
on  the  test.  For  a  complete  test  of  an  engine  driven  reversing 
mill  it  is  hard  to  see  how  the  test  equipment  can  be  very  much 
reduced. 


Fig.  32.  Trill  Continuous  Indicator. 


It  may  he  of  interest  to  note  here  that  the  Trill  Indicator 
Company  of  Corry,  Pa.,  makes  an  indicator  which  traces  an 
open  diagram  so  arranged  that  the  pencils  attached  to  opposite 
ends  of  a  cylinder  are  made  to  mark  on  opposite  sides  of  the  same 
paper  and  by  tracing  through  the  lines  drawn  onto  the  same 
side  of  the  paper  the  difference  in  pressure  between  two  sides 
of  a  piston  is  determined  for  each  stroke.  (See  Fig.  32.)  Since 
the  paper  always  moves  in  the  same  direction  the  same  strip 
can  be  used  for  designating  time  through  clock  operated  pencils 
as  well  as  events  such  as  end  of  stroke,  entering  and  leaving  of 
stock  in  the  mill,  etc  As  on  most  reversing  mills  there  are  at 

♦Asst.  Chief  Engineer,  Cambria  Steel  Company,  Johnstown,  Pa. 
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least  two  cylinders,  and  each  indicator  strip  has  two  sides,  there 
is  available  the  equivalent  of  four  strips  of  paper  on  which  to 
record  data  all  correlated  to  the  power  indications  of  the  cyl¬ 
inders  and  inflexibly  tied  up.  Such  an  instrument  is  easily 
mounted  on  an  engine  and  requires  but  one  man  per  instrument 
to  operate  it. 

While  no  “power  to  roll"  tests  have  been  made  with  this 
instrument  to  my  knowledge,  it  lias  been  tested  as  an  indicator 
and  found  to  legibly  mark  the  paper  on  both  sides,  without  tear¬ 
ing  it  where  the  pencil  points  pass,  and  to  feed  the  paper  uni¬ 
formly  per  stroke.  The  balance  of  the  features  are  of  accepted 
design.  This  instrument  upon  further  development  in  actual 
practice  should  prove  useful  in  simplifying  the  equipment  used 
on  power  tests. 

Some  six  years  ago,  when  a  continuous  billet  mill  was  pro¬ 
jected  by  the  Cambria  Steel  Company,  it  became  necessary  to 
determine  the  size  of  engine  for  it,  and  experiments  on  the  work 
of  rolling  were  undertaken  on  a  three-high  mill,  to  serve  as  a 
oasis.  The  proposed  mill  was  to  be  a  twelve  stand  mill  having 
three  21-in.  stands  and  nine  18-in,  stands.  The  mill  on  which  the 
power  tests  were  made  was  a  three  high  22-in.  mill  roughing 
4  in.  by  4  in.  billets  to  1%-in.  square  billets.  Instead  of  using 
a  tachograph  and  computing  the  effect  of  the  speed  variations, 
the  engine  was  allowed  to  fully  recover  its  speed  after  each  suc¬ 
cessive  pass  in  order  not  to  have  any  variation  in  the  stored 
energy.  The  work  of  rolling  for  each  interval  then  became  the 
difference  between  the  work  expended  and  what  it  would  have 
been  over  the  same  period  had  the  mill  remained  empty.  From 
these  experiments  a  work  factor  of  12  000  ft.  lb.  per  percent  re¬ 
duction  per  100  lb.  of  material,  was  determined  for  breaking 
down  4-in.  by  4-in.  billets.  It  was  felt  that  this  factor  could  be 
used  to  apply  to  the  projected  mill,  since  this  mill  was  to  reduce 
in  approximately  the  same  manner  and  to  the  same  extent  per 
pass.  Although  no  extensive  tests  were  made  on  the  18-in.  con¬ 
tinuous  mill  after  it  went  into  service,  indicator  cards  show  that 
the  engine  is  called  upon  to  develop  approximately  the  power 
that  was  predicted. 

It  is  not  the  intention  to  infer  that  such  a  factor  holds  true 
over  a  wide  range  of  sections  and  reductions,  as  from  later  tests 
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it  appears  that  this  factor  varies  at  like  temperature  with  both 
tlie  size  of  the  piece  being  rolled  and  the  extent  of  reduction. 

It  subsequently  devolved  upon  the  engineers  of  the  Cambria 
Steel  Company  to  determine  the  power  requirements  for  a  pro¬ 
posed  group  of  electrically  driver  merchant  bar  mills  consisting 
of  the  well-known  continuous  roughing  and  strand  finishing  type. 
At  that  time  more  data  had  been  collected  both  from  further 


experiments  and  the  interpretation  of  published  articles.  After 
the  mills  were  put  in  service  the  Cambria  Steel  Company’s  en¬ 
gineers  conducted  some  extended  tests  on  these  mills  to  verify 
their  basis  in  proportioning  the  drives  and  to  obtain  further 
data.  These  tests  were  of  long  duration  and  covered  actual 
rolling  conditions.  Table  No.  1  gives  a  summary  of  one  of  the 
typical  series  of  tests  on  a  10-in.  six-strand  continuous  roughing 
train. 


TABLE 

Test  . 

Duration  of  test — hours  . 

Actual  rolling  time — hours  . 

Number  of  passes  in  use  . 

Weight  rolled — pounds  . . 

Average  temperature — Deg.  Fahr. 

Entering  mill  . 

Leaving  mill  . 

Sum  of  reduction  of  all  passes . 

Total  input — K.  W.  hours  . 

Rolling  factor  in  ft.  lb.  per  1  percent 
reduction  per  100  lb.  of  material 
Size  of  initial  section  . 


Material — Bess.  ult.  . . 

Open  Hearth 


NO.  1. 


I. 

II. 

III. 

IV. 

10.000 

8.300 

6.500 

4.183 

6.929 

5.718 

3.257 

3.428 

6 

6 

4 

4 

90  928 

116  566 

72  821 

119  600 

2252 

2200 

2120 

2190 

2077 

2110 

2060 

2080 

213.4 

150.23 

119.60 

109.20 

2400 

1865 

910 

1070 

21820 

18130 

15920 

14120 

1%  by 

1%  by 

1%  by 

1%  by 

1% 

1% 

1% 

1% 

billet 

billet 

billet 

billet 

66  100 

•  •  •  • 

66  020 

•  •  •  • 

66  250 

•  •  •  • 

62  700 

Without  going  into  the  details  of  the  tests  to  fully  de¬ 
scribe  the  methods  and  computations,  it  should  be  stated  that 
all  necessary  precautions  and  corrections  were  made  to  arrive 
at  the  net  work  of  rolling,  and  as  we  had  an  actual  test  char¬ 
acteristic  curve  of  the  motor,  the  horse  power  at  the  mill  coup¬ 
ling  could  be  deduced  from  the  input  figures.  The  duration 
of  all  tests  was  sufficient  to  obtain  reliable  integrating  wattmeter 
readings  on  instruments  previously  calibrated. 

In  addition  to  the  tests  made  by  Cambria  Steel  Company’s 
engineers  the  manufacturer  of  the  motors  carried  on  an  extend¬ 
ed  series  of  tests.  • 


Ft.  Lbs  per  100  Lbs  per  1  percent 
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The  rolling  factor  resulting  from  the  four  tests  described 
in  Table  No.  1  is  by  no  means  uniform,  though  determined  on 
the  same  mill  at  practically  the  same  temperatures,  from  the 
same  initial  size  of  billet  substantially  of  the  same  quality  and 
with  the  same  instruments.  If  this  factor  be  plotted  against 
the  sum  of  the  reductions  in  all  the  passes,  see  Fig.  33,  a  smooth 
curve  joins  these  points  and  would  seem  to  indicate  that  some 
such  relation  may  exist.  I  say  may  exist,  because  at  this  time, 
in  the  absence  of  sufficient  supporting  evidence,  it  would  be 
unwise  to  be  too  definite. 


Sum  of  Reductions  in  PerCent 
Variation  of  Work  of  Rolling  with 
Total  Reduction 

Fig.  33. 

There  may  be  other  influences,  such  as  the  size  of  rolls 
and  the  speed  of  rolling,  and  it  may  be  that  a  unit  of  foot¬ 
pounds  per  one  percent  reduction  per  100  lb.  of  material  is 
not  at  all  suited  for  a  general  study  of  the  work  of  rolling. 
This  unit  was  adopted  because  of  its  ease  of  handling.  Others 
have  used  a  unit  based  on  elongation  and  again  others  speak 
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of  horse-power  seconds  per  cubic  inch  of  displaced  metal,  aim¬ 
ing  thereby  to  take  account  of  the  change  in  shape  as  well  as 
the  reduction.  And  so  it  would  seem  that  the  investigators  on 
today,  while  working  diligently  along  the  same  lines,  do  not 
meet  on  any  common  ground,  and  are  not  in  a  position  to  com¬ 
pare  results. 

The  work  of  standardizing  committees  in  the  various  en- 
gineering  societies  has  resulted  in  accepted  units  and  uniform 
methods  for  the  testing  of  various  equipments,  and  it  would 
seem  that  the  time  has  arrived  when  it  would  be  desirable  that 
the  investigators  of  the  work  of  rolling  steel  similarly  adopt 
uniformity. 

The  interesting  paper  read  before  us  to-night  takes  a  step 
in  this  direction  in  presenting  a  full  description  of  a  method  of 
conducting  tests. 

Considerable  material  has  appeared  in  the  technical  press 
on  this  subject,  as  the  very  complete  bibliography  of  the  paper 
shows,  and  it  would  seem  highly  desirable  if  a  committee  could 
be  appointed  for  the  purpose  of  gathering  and  classifying  the 
data  already  available,  as  well  as  recommending  a  line  of  action 
for  the  future  based  on  the  experience  of  the  past,  and  a  com¬ 
mon  basis  on  which  the  results  of  future  work  will  meet,  it 
would  also  seem  that  this  Society  could  appropriately  be  a 
pioneer  in  such  a  movement,  as  it  is  located  in  the  heart  of  the 
steel  industry  and  has  among  its  members  men  intimately  in 
touch  with  this  problem. 

The  Authors  The  Trill  Indicator  as  described  by  Mr. 
Sheperdson  appears  to  be  a  good  instrument,  but  our  past  ex¬ 
perience  with  that  make  would  induce  us  to  give  the  instrument 
a  thorough  try-out  before  recommending  it  to  replace  types 
which  have  proven  eminently  satisfactory  for  this  class  of  work. 
In  another  place  is  pointed  out  the  inadvisability  of  using  the 
indicator  paper,  especially  on  reversing  mills,  for  recording 
the  various  events. 

The  method  of  obtaining  total  work  per  pass  by  meas¬ 
uring  the  cards  from  friction  to  friction  is  taken  up  in  detail 
in  the  answer  to  Mr.  Coryell’s  discussion.  The  method,  while 
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giving  approximate  results  on  three-high  mills,  is  impossible  on 
reversing  mills. 

Mr.  M.  F.  McConnell*  :  I  wish  to  compliment  Messrs. 
Siebert  and  Fitzgerald  on  the  excellent  paper  furnished  for  this 
meeting,  which  gives  us  a  quite  complete  review  of  the  previous¬ 
ly  published  data  and  experiments,  as  well  as  a  good  descrip¬ 
tion  of  the  available  instruments  which  can  be  used  in  obtain¬ 
ing  the  information  which  is  desired  for  the  elaborate  tests 
proposed. 

I  fear  that  the  tremendous  amount  of  work  and  the  ex¬ 
pense  involved  in  following  this  plan,  will  serve  to  discourage 
rather  than  encourage  the  engineers  not  so  favorably  situated 
as  the  Authors  to  investigate  this  field. 

For  my  OAvn  part,  I  see  but  three  fundamental  factors  in 
the  power  to  roll  steel : 

First :  Complete  information  as  to  the  section  before  and 
after  each  pass  or  group  of  passes; 

Second:  The  weight,  or  volume,  of  the  bloom  or  ingot; 

Third :  The  number  of  foot  pounds  actually  required  from 
the  engine,  above  the  normal  friction  load,  for  the  rolling  of 
the  steel  through  this  pass  or  group  of  passes. 

Of  course  any  analysis  of  this  data  will  be  modified  by 
variations  in  temperature,  form  of  passes,  side  draught  and 
collar  friction  when  these  items  are  variable.  Mr.  Edwards 
has  just  told  us  that  an  analysis  must  be  modified  by  the  dia¬ 
meter  of  the  roll,  which  may  be  justified,  though  I  have  never 
seen  any  evidence  of  it.  ' 

My  own  experience,  however,  has  been  in  testing  mills 
where  the  temperature  conditions  under  test  were  about  those 
which  we  would  expect  to  duplicate  in  a  new  design,  and  I 
like  the  others  tonight,  am  inclined  to  shy  from  the  discussion 
of  any  but  rectangular  sections. 

Assuming  then  that  we  have  the  original  and  final  area, 
the  weight  of  the  piece  and  the  foot  pounds  of  work  neces¬ 
sary  to  force  the  steel  through  the  pass.  I  have  used  for  years 
the  formula  already  mentioned  by  Mr.  Edwards,  in  my  ef¬ 
forts  to  obtain  a  constant,  that  is: 

*Superintendent,  Mingo  Works,  Carnegie  Steel  Company,  Mingo  Junc¬ 
tion,  Ohio. 
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Weight  X  hyperbolic  log. 


Work  in  ft.  lb. 

Original  area 


Final  area 


Our  reason  for  adopting  this  formula  is  that  the  value  of 
C  when  determined  for  any  group  of  passes  is  bound  to  be  the 
true  average  of  the  values  of  C  determined  for  each  pass  sep¬ 
arately,  and  makes  it  immaterial  in  the  designing  of  drives  from 
this  data,  whether  we  use  the  reduction  of  the  original  test  or 
not. 


Having  developed  a  value  of  C,  it  is  a  simple  matter  to 
determine  the  size  of  any  unit  when  the  ratio  of  reduction  and 
the  surface  speed  of  the  rolls  is  known ;  the  work  to  be  done 
per  minute  becomes: 


C  X  hvp.  log 


X  Weight 


Work  in  ft.  lb.  = 


a 

Time 


Which  work  can  be  assigned  to  the  engine  in  case  of  con¬ 
tinuous  rolling  or  divided  between  the  engine  and  fly-wheel  in 
the  case  of  intermittent  rolling  when  it  is  desired  to  reduce  the 
size  of  engine  and  make  use  of  the  fly-wheel  effect. 

In  our  work  we  assigned  the  following  units  to  this  formula  : 


W  =  work  done  in  foot  pounds. 

A  =  original  area  of  section  in  sq.  in. 

Weight  =  weight  of  piece  in  tons. 

a  =  final  area  of  section  in  sq.  in. 

The  value  of  this  constant  has  been  found  to  range  from 
13  000  000  to  18  000  000  foot  pounds  in  ordinary  blooming  mill 
practice,  depending  largely  on  the  degree  of  heating  and  the 
physical  condition  of  the  mill.  This  of  course  will  increase 
with  the  varying  temperature  and  density  of  steel  in  smaller 
sections  until  a  constant  as  high  as  40  000  000  foot  pounds  may  he 
expected,  in  the  finishing  passes  of  sheet  bar  mill  when  on  light 
product. 

A  study  of  this  kind  brings  forcibly  to  our  attention  the 
futility  of  heavy  fly-wheels  on  many  mills  which  fall  in  the  con¬ 
tinuous  rolling  class,  and  the  probabilities  of  a  tremendous  loss 
of  energy  due  to  turning  these  fly-wheels,  as  well  as  the  failure 
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to  stop  the  engines  so  driven  when  for  relatively  short,  but  fre¬ 
quent,  periods  they  are  not  doing  useful  work. 

Before  closing  my  remarks,  I  want  to  call  to  the  attention 
of  the  members,  a  particularly  valuable  point  that  the  authors 
have  brought  out,  that  is,  the  negative  card  at  reversal  of  the 
blooming  mill  engine.  This  has  been  neglected  in  many  of  our 
tests  and  is  very  apparently  a  matter  of  considerable  importance. 

The  Author  :  A  majority  of  the  points  mentioned  by  Mr. 
McConnell  have  been  taken  up  in  considerable  detail  in  the  re¬ 
plies  to  the  discussion  of  Mr.  Coryell  and  Mr.  Edwards,  so  they 
need  not  be  repeated  here. 

There  is  no  reason  why  Mr.  McConnell  should  shy  from 
the  discussion  of  any  but  rectangular  sections  as  far  as  power 
requirements  are  concerned  at  least,  since  test  data  may  be  ob¬ 
tained  with  equal  accuracy  for  billets  and  for  any  complicated 
section. 

It  would  be  very  desirable  to  reduce  the  whole  subject  to 
the  simple  formula  proposed  by  Mr.  McConnell,  but  by  its  use 
we  would  obtain  results  only  approximately  correct  for  3-high 
mills,  and  of  no  value  whatever  for  reversing  mills.  This  is 
shown  by  his  statement  of  results  varying  from  13  000  000  lo 
40  000  000  foot-pounds,  there  being  absolutely  no  justification 
for  such  variation  in  rolling  rectangular  sections. 

Results  of  our  tests  on  bar  mills  would  indorse  Mr.  Mc¬ 
Connell’s  observation  on  the  use  of  a  fly-wheel  on  a  continuous 
mill. 


Mr.  W.  E.  Snyder  I  want  to  preface  what  I  have  to  say 
in  regard  to  the  technical  points  discussed  in  this  paper  by  the 
general  statement  that  I  consider  this  a  splendid  paper  in  every 
sense  of  the  word.  The  authors  have  taken  up  the  divergent 
and  very  often  loose  methods  practiced  by  different  engineers 
and  reduced  them  to  a  system,  or  a  code.  This  code  is  pre¬ 
sented  in  such  a  way  that  any  one  who  has  had  any  experience 
in  such  work  can  understand  fully  the  suggestions  that  are 
made  regarding  the  different  items  of  data  that  are  obtained, 
and  the  method  of  obtaining  them,  and  also  the  calculations 

•Mechanical  Engineer,  American  Steel  &  Wire  Company,  Frick  Bldg., 
Pittsburgh. 
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regarding  same;  there  is,  therefore,  a  good  opportunity  for  a 
full  discussion  of  the  whole  subject  and  the  suggestion  of  dir 
ferent  means  of  procedure,  by  any  who  feel  that  the  methods 
proposed  can  be  improved  upon.  For  all  of  this  the  authors 
are  to  be  commended,  and  I  hesitate  to  write  any  comments, 
because  they  may  seem  like  finicky  fault  finding  with  a  paper 
which  is  of  such  generally  good  character. 

The  paper  begins  with  a  historical  sketch  of  some  of  the 
important  work  that  has  been  done  in  testing  mill  engines.  I 
want  to  add  to  this  history  a  very  short  chapter  myself,  that 
has  hitherto  been  unpublished,  chiefly  because  those  most  in¬ 
terested  had  so  many  rough  spots  in  the  operating  field  to 
smooth  out  that  there  has  been  little  time  or  opportunity  to 
write  papers. 

The  first  indicator  cards  which  I  ever  took  from  a  revers¬ 
ing  engine  were  taken  in  the  summer  of  1895,  and  I  therefore 
can  speak  from  considerable  experience  at  one  time  or  another 
in  this  line ;  though,  of  course,  I  have  never  been  able  to  devote 
the  time  or  study  to  it  that  some  of  those  have  who  work  in  a 
more  limited  field.  I  realized,  however,  from  the  first  the  im¬ 
portance  of  having  a  more  complete  graphic  record  from  the 
mill  engine  than  could  be  obtained  with  the  ordinary  indicator 
then  in  use.  About  the  only  thing  that  could  be  done  with 
the  indicator  at  that  time  was  to  take  a  card  or  two  during 
heavy  presses  to  see  how  the  valves  were  set.  We  tried  at 
different  times  to  develop  something  better,  but  it  was  not  until 
the  early  part  of  1902  that  we  devised  a  mechanism  which  was 
entirely  satisfactory,  and  was,  in  fact,  almost  identical  with 
what  has  now  become  known  as  the  Crosby-Lanza  continuous 
indicator.  As  soon  as  we  found  this  mechanism  was  exactly 
what  we  required,  as  it  permitted  the  use  of  the  ordinary  in¬ 
dicator,  and  at  the  same  time  gave  an  open  and  continuous 
diagram,  we  applied  for  a  patent.  It  was  then  found  that  a 
patent  had  been  granted  November  29,  1898,  to  Thos.  Gray,  of 
Rose  Polytechnic  Institute,  Terre  Haute,  Ind.  Mr.  Gray  had 
never  made  any  use  of  his  patent  so  far  as  could  be  learned, 
and  after  considerable  negotiation,  our  company  acquired  his 
patent  April  3,  1905.  We  had  developed  and  used  this  con¬ 
tinuous  mechanism  between  one  and  two  years  before  we  learned 
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the  same  principle  had  been  previously  patented.  We  made  a 
number  of  these  indicators,  and  have  continued  to  use  them  up 
to  the  present  time  in  a  number  of  different  works  in  five 
different  states.  Lanza  applied  for  his  patent  October  6,  1906, 
and  it  was  granted  November  8,  1908.  The  mechanism  is  very 
similar  to  that  patented  by  Gray  in  1898,  and  almost  identical 
with  that  which  we  developed  in  1902.  The  difference  is  that 
our  indicator  contains  an  improvement  over  the  Gray  device, 
which  we  did  not  think  it  worth  while  to  patent,  and  the  Lanza 
patent  contains  this  improvement. 

In  the  work  done  by  Dr.  Puppe  in  1909,  he  used  continu¬ 
ous  indicators,  which  is  the  first  reference  that  I  have  seen  to 
the  use  of  this  type  of  indicator  in  Europe.  It  is  thus  apparent 
that  we  devised  what  is  now  one  of  the  best  continuous  indi¬ 
cators  on  the  market,  for  this  particular  purpose,  six  years  be¬ 
fore  the  patent  was  granted  to  Lanza,  and  about  seven  years 
before  it  was  used  by  Dr.  Puppe  in  Europe.  This  matter  is 
brought  in  at  this  time,  and  in  this  way,  because  the  develop¬ 
ment  of  a  continuous  indicator  that  could  be  used  satisfactorily 
on  reversing  mill  engines,  marked  a  very  important  epoch  in 
the  testing  of  engines  and  mills,  and  in  the  investigation  of 
phenomena  which  occur  during  the  rolling  of  steel.  I  may 
therefore,  I  hope,  be  excused  a  little  feeling  of  satisfaction  in 
giving  the  above  facts,  all  of  which  can  be  substantiated. 

Some  time  near  the  middle  of  the  last  decade,  continuous 
indicators,  making  closed  diagrams,  began  to  be  imported  from 
Germany,  but  we  never  purchased  any  of  them  for  the.  reason 
that  we  felt  we  had  a  better  method  of  obtaining  the  same 
results.  The  closed  diagram  indicator  has  a  number  of  dis¬ 
advantages,  which  eliminate  it  from  consideration  by  any  one 
who  has  had  much  experience  with  a  good  open  diagram  type 
of  indicator.  The  fact  that  the  length  of  the  paper  ribbon  is 
very  limited,  is  a  very  important  disadvantage  in  connection 
with  blooming  mill  tests.  For  proper  results,  the  complete 
record  of  what  occurs  in  one  end  of  the  cylinder  during  the 
entire  rolling  of  an  ingot  should  be  shown  on  the  same  ribbon 
or  diagram.  When  the  ribbon  must  be  changed,  when  an  ingot 
is  partly  rolled,  it  simply  spoils  the  test  because  part  of  the  data 
refers  to  one  ingot  and  part  refers  to  another.  Also,  any  one 
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who  has  had  to  work  up  continuous  diagrams  knows  that  it  is 
an  enormous  task,  if  there  are  a  number  of  ingots  investigated 
When  this  task  is  made  still  more  difficult  by  a  large  number  if 
lines  super-imposed  upon  each  other  in  such  a  way  that  there 
is  a  continuous  strain,  not  alone  of  the  eyes,  but  of  the  nervous 
system,  in  endeavoring  to  single  out  the  line  to  be  followed,  the 
task  is  made  so  difficult  that  it  is  hardly  possible  to  get  any 
one  who  is  able  to  remain  at  it  continually.  These  conditions 
are  specially  emphasized  in  tests  of  large  ingots,  which  are 
rolled  out  into  small  billets  in  the  same  mill,  for  instance,  to 
4  in.  by  4  in.  size.  The  engine  which  must  be  large  enough 
for  the  turning  moment  required  for  the  heavy  drafts  of  the 
first  short  passes,  is  entirely  too  large  for  the  light  drafts  of  the 
last  long  passes.  In  consequence,  during  these  last  passes,  a 
confusion  of  lines  results,  which  will  baffle  the  skill  of  any  one 
to  figure  out  properly.  In  addition,  it  is  entirely  wrong  and 
opposed  to  the  policy  which  is  now  everywhere  prevalent  in 
steel  works,  of  “Safety  First”,  to  subject  the  eyes  of  any  one 
to  needless  and  unnecessary  strain,  when  the  same  results  can 
be  accomplished  without  any  discomfort,  simply  by  using  the 
open  diagram  indicator.  The  advantages  of  the  open  diagram 
continuous  indicator  were  fully  recognized  by  Dr.  Puppe,  and 
favorably  commented  upon  by  him  in  his  report  of  tests  on 
reversing  mill  engines. 

In  connection  with  the  work  that  has  been  done  in  the  past, 

its  is  well  that  we  should  keep  in  mind  the  fact  that  tests  of 

blooming  mills  and  reversing  engines,  as  they  are  carried  out 

today,  represent  a  development  which  extends  back  not  more 

than  15  years  at  the  outside,  and  it  is  development  which  I  can 

look  over  from  the  very  beginning.  Necessarily,  during  this 

time,  there  was  considerable  groping  in  the  dark,  and  tests 

were  made  that  would  now  very  probably  be  criticised  severely, 

and  data  obtained  which  now  would  be  considered  verv  crude. 

%/ 

During  this  period  of  development,  however,  the  benefits  of 
much  of  the  work,  with  which  I  have  been  familiar,  have  been 
markedly  apparent  on  the  cost  sheets,  which  is  the  place  where 
the  results  of  engineering  work  must  appear,  if  it  is  to  be  of  any 
permanent  benefit.  While  the  observance  of  correct  methods 
of  obtaining  data,  making  calculations,  etc.,  is  very  important, 
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it  is  also  important  to  keep  in  mind  that  such  data  is  only  the 
means  to  an  end ;  it  is  not  of  itself  the  end,  and  tests  which  do 
not  eventually  improve  the  costs,  or  improve  equality  of  product, 
had  better  be  left  unmade. 

As  some  example  of  work  which  has  been  done  under  my 
general  supervision,  during  the  development  period  of  which 
I  speak,  the  following  may  be  mentioned :  I  have  referred  above 
to  the  earlier  use  of  the  indicator  on  reversing  engines,  solely 
for  verifying  the  valve  setting.  We  then  began,  previous  to 
1900,  with  the  ordinary  indicator  as  an  aid,  to  determine  the 
steam  in  a  rough  way  for  each  pass.  The  main  purpose  of  this 
was  to  get  some  idea  of  what  quantity  of  steam  was  used  by 
the  blooming  mill.  It  was  later  possible,  about  1900,  to  use  the 
ordinary  indicator  to  determine  about  how  much  saving  could 
be  effected  by  operating  a  single  reversing  engine,  condensing, 
resulting  in  this  idea  being  carried  out  very  successfully,  not¬ 
withstanding  adverse  comments  of  some  engineers,  and  failures 
of  some  similar  attempts  elsewhere  about  that  time.  As  soon 
as  the  continuous  indicator  was  developed,  this  matter  was 
further  investigated;  the  results  simply  confirming,  with  more 
complete  data,  those  first  obtained.  It  was  later  possible  to  run 
a  simple  reversing  engine  with  its  own  boiler  plant  for  a  con¬ 
siderable  period  of  time,  non-condensing,  and  then  for  the  same 
period  condensing;  these  results  further  confirming  those  ob¬ 
tained  from  the  tests  with  the  indicators. 

It  was  also  possible,  about  1903,  by  using  continuous  indi¬ 
cators  to  forecast  the  results  of  changing  an  ordinary  simple 
reversing  engine,  that  was  running  condensing,  into  a  twin  tan¬ 
dem  compound  condensing  engine,  which  plan  was  eventually 
carried  out  with  very  satisfactory  results.  In  still  another  case 
we  changed  a  horizontal-vertical  non-condensing  reversing  mill 
engine  to  a  cross  compound,  condensing  engine,  with  equally 
satisfactory  results,  using  the  continuous  indicator,  as  in  other 
cases  mentioned,  to  establish  conditions  before  and  after  the 
change.  In  still  another  instance,  1905-06,  we  made  a  long 
series  of  tests  for  a  very  important  purpose,  in  which  it  was 
necessary  to  determine  the  actual  work  developed  in  the  cylin¬ 
ders  to  roll  steel  under  different  conditions. 

These  are  simply  some  examples  of  work  that  was  done 
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with  continuous  indicators,  previous  to  the  use  of  any  open 
diagram  indicators  anywhere,  and  only  a  very  limited  use  of  the 
closed  diagram  type.  It  is  probable  that  some  other  engineers 
have  gone  through  similar  experiences  to  what  I  have  just 
sketched  out,  but  the  points  which  I  wish  to  emphasize  par¬ 
ticularly  are  these:  That  many  engineers  who  had  to  do  with 
the  operation  of  blooming  mills  15  or  20  years  ago,  felt  very 
keenly  the  need  for  some  more  reliable  and  complete  data  than 
could  be  obtained  with  the  ordinary  indicator,  and  the  invention 
of  the  continuous  indicator  made  it  possible  to  obtain  the  kind 
of  data  that  was  required.  However,  after  we  made  the  con¬ 
tinuous  indicator  so  that  it  was  entirely  satisfactory  as  a  ma¬ 
chine,  we  had  to  learn  how  to  use  it,  that  is,  wTe  had  to  learn 
what  items  of  data  were  most  necessary,  and  how  best  to  obtain 
the  data  so  that  the  results  could  be  depended  upon.  The  first 
efforts  were  naturally  toward  improving  the  steam  economy  of 
engines  of  this  type,  and  that  these  efforts  have  been  quite  suc¬ 
cessful  is  indicated  by  what  has  been  stated  before.  The  next 
thing  was  to  measure  the  work  that  had  to  be  done  in  a  cylinder 
in  order  to  produce  a  given  result  on  steel.  From  this  came  the 
more  elaborate  analyses  of  mill  operation,  etc.,  until  we  finally 
bring  up  and  summarize,  in  such  a  paper  as  has  been  read  this 
evening,  the  combined  experience  of  many  engineers  of  Ger¬ 
many  and  this  country  who  have  been  engaged  in  this  kind  of 
work.  Through  all  of  this  development,  however,  we  must  keep 
this  one  point  in  mind,  that  the  work  done  must  be  practical 
and  have  a  practical  object  in  view.  Tests  should  not  be  out¬ 
lined,  or  made  for  the  simple  purpose  of  piling  up  a  lot  of  en¬ 
gineering  data,  which  may  be  something  interesting  from  an 
engineering  or  scientfic  standpoint,  but  of  no  use  practically. 
The  work  should  be  of  such  a  character  that  it  will  lead  to 
some  definite  improvement  or  economy  in  operating  conditions. 

I  might  comment  more  specifically  on  a  few  points  in  the 
paper.  In  the  first  place,  I  do  not  think  it  is  the  best  plan  to 
measure  the  dry  steam  from  the  indicator  card  of  the  low  pres¬ 
sure  cylinder.  I  think  it  better  to  measure  this  at  a  point  im¬ 
mediately  before  release  in  the  high  pressure  cylinder.  The 
purpose  of  measuring  the  steam  consumption  of  an  engine  from 
the  indicator  card  is  to  come  as  near  as  posshible  to  the  actual 
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consumption.  Since  condensation  occurs  as  steam  progresses 
through  the  engine,  the  nearer  the  point  of  measurement  is 
Taken  to  where  the  steam  enters  the  engine — after  cut-off,  of 
course — the  nearer  the  results  should  approach  the  quantity 
used.  We  have  confirmed  this  hy  actual  tests.  (See  also  Barrus’ 
Engine  Tests  and  others.) 

Two  ways  are  suggested  for  obtaining  the  quantity  of  steam 
consumed, — indicator  cards  and  steam  meter.  I  think  another 
should  be  added,  which  is  that  of  operating  the  engine  with  a 
certain  number  of  boilers  which  do  not  supply  steam  to  any¬ 
thing  else,  and  then  measure  the  water  used  by  these  boilers, 
making  proper  correction  for  all  steam  which  does  not  reach 
the  engine.  It  is  not  always  possible,  of  course,  to  use  this 
method,  but  sometimes  it  is,  and  its  results  should  be  more 
reliable  than  those  obtained  in  any  other  way.  We  have  been 
obliged  to  make  some  tests  in  this  way  for  the  reason  that  the 
information  wanted  was  regarded  as  of  such  a  character  and 
importance  that  the  results  from  indicators  and  steam  meters 
would  not  be  accepted  as  sufficiently  reliable. 

In  regard  to  the  discussion  relative  to  power  required  to 
roll  steel,  and  the  various  discussions  regarding  the  average 
horse-power,  etc.,  it  seems  to  me  that  this  whole  matter  would 
be  much  simplified  if  we  would  keep  in  mind  the  definitions  of 
some  elementary  terms  in  mechanics.  For  instance,  the  use 
of  the  term  horse-power  must  include  the  consideration  of  the 
time  element,  because  horse-power  is  a  rate  of  doing  work. 
Therefore,  whether  the  average  horse-power  refers  to  a  revolu¬ 
tion,  or  a  stroke,  or  an  ingot,  it  must  include  the  time  elemenn. 
Futher,  foot  pounds,  or  horse-power  minutes,  or  horse-power 
hours  represent  certain  quantities  of  work  expressed  by  different 
units  of  measurement ;  as  such  a  quantity  it  is  entirely  different 
from  a  rate  and  does  not  bring  in  the  time  element  at  all.  There 
is  no  need  for  any  confusion  in  these  matters,  and  their  appli¬ 
cation  to  blooming  mill  tests,  if  the  fundamental  principles  of 
mechanics  are  kept  in  mind. 

In  regard  to  the  measurement  of  the  steel  during  rolling. 
It  seems  to  me  it  is  much  better,  and  more  reliable  to  measure 
the  bloom  after  each  pass.  This  can  be  done  very  satisfactorily 
when  proper  arrangements  are  made.  To  calculate  spread  and 
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estimate  length,  etc.,  is  not  very  satisfactory  in  view  of  what 
we  know  about  the  decrease  of  volume  due  to  rolling  and  other 
uncertainties  which  must  be  considered. 

In  regard  to  the  method  proposed  of  calculating  the  unit 
of  work,  which  is  the  same  as  that  used  by  Dr.  Puppe,  and 
which  considers  the  volume  of  the  displacement  produced,  as 
the  area  of  the  draft  times  the  length  before  the  pass,  I  am 
in  hearty  agreement.  In  some  of  the  very  first  work  we  did, 
10  years  ago,  we  used  this  same  formula,  except  that  we  used 
the  length  after  the  pass  in  place  of  before  the  pass,  reason- 
ing  that  the  metal  subjected  to  the  action  of  the  roll  was  the 
area  of  the  draft,  in  section,  and  equal  to  the  full  length  of  the 
pass.  However,  after  we  had  done  considerable  work  in  this 
way,  and  others  began  to  publish  results.  I  came  to  the  con¬ 
clusion  it  was  more  logical  to  take  the  length  before  the  pass, 
and  this  method  we  have  since  followed. 

I  hope  the  authors  will  contribute  something  which  will 
prove  the  reliability  of  the  Hallwach’s  steam  meter,  when  used 
in  a  steam  pipe  that  supplies  a  blooming  mill  engine.  I  want, 
to  have  faith,  but  my  experience  with  two  types  of  American 
meters  has  been  such  as  to  make  me  very  earnestly  desirous  that 
somebody  should  say  something  that  will  increase  my  faith.  So 
far  as  I  have  seen  any  results  from  this  Hallwach  meter,  they 
have  never  been  backed  up  by  any  good  proof  of  its  reliability 
under  extremely  variable  conditions. 

I  also  wish  the  author  would  give  a  little  further  discus 
sion  of  the  “Speed  Curve”,  and  method  of  plotting  it;  and  the 
importance  of  obtaining  the  true  M.  E.  P. ;  also  of  obtaining 
work  required  to  accelerate  the  moving  parts.  That  is,  a  more 
complete  discussion  of  these  points,  including  also  the  kind  of 
tests  in  which  this  work  is  necessary. 

To  make  my  meaning  clear,  take  the  matter  of  acceleration  : 
in  all  the  tests  which  we  have  made  in  improving  the  steam 
economy  of  blooming  mill  engines,  as  outlined  above,  we,  <  f 
course,  did  not  need  to  take  into  account  acceleration,  unless  we 
should  do  so  simply  as  Ortman  did,  to  emphasize  the  fact  that 
rapid  acceleration  was  wasteful,  or  as  Puppe  did  later,  to  show 
that  under  certain  conditions  the  accelerating  work  was  re¬ 
turned  as  useful  energy  before  the  completion  of  the  pass,  fu 
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making  a  test  for  proportioning  an  engine  on  a  mill  not  yet 
installed  by  obtaining  “the  unit  of  work”  from  a  mill  already 
in  operation,  it  does  not  seem  to  me  that  it  would  be  necessary 
to  consider  acceleration,  even  in  this  case.  In  the  new  mill,  the 
acceleration  and  retardation  work  will  also  exist  and  be  similar 
in  character,  and  equal  in  quantity,  if  the  mills  and  engines  are 
all  approximately  the  same  kind.  If  the  new  mill  be  motor 
driven  in  place  of  engine  driven,  there  will  simply  be  the  dif¬ 
ference  between  the  acceleration  of  engine  and  motor;  and  it 
will  be  a  long  time  to  come  before  blooming  mill  engines  are 
proportioned  so  carefully  that  consideration  of  acceleration  and 
retardation  can  have  any  effect  in  determining  the  size.  So  far 
as  I  can  understand  this  matter,  the  only  place  where  such  re¬ 
finements  are  necessary  is  when  making  a  careful  investigation 
to  determine,  for  the  sake  of  a  comparison,  or  other  purposes, 
the  actual  net  foot  pounds  of  work  which  must  be  exerted  per 
cubic  inch  of  metal  in  order  to  affect  its  displacement  between 
the  rolls. 

I  trust  that  this  paper,  together  with  all  of  the  discussions 
which  it  produces,  will  result  in  another  paper,  either  on  bloom¬ 
ing  mill  engines,  or  on  mill  engines  in  general,  which  will  go 
still  further  in  clarifying  our  ideas  regarding  many  things  which , 
because  of  cheapness  of  fuel,  or  for  other  reasons,  have  been 
allowed  to  continue  year  after  year  with  but  very  little  careful 
investigation  or  good  engineering  treatment. 

The  Authors:  Mr.  Snyder’s  objections  to  the  closed  dia¬ 
gram  indicator  are  perhaps  influenced  somewhat  by  a  very 
natural  pride  in  a  product  of  his  own  company.  In  this  con¬ 
nection  it  may  be  said  that  we  have  had  considerable  experience 
with  both  types,  resulting  in  a  preference  for  the  closed  type, 
because  of  its  simplicity  of  construction,  ease  of  manipulation, 
and  comparative  cheapness.  If  the  cards  are  properly  taken, 
they  can  be  worked  up  without  undue  strain  either  on  the  eyes 
or  on  the  nervous  system. 

Using  the  closed  diagram  indicator  cards  may  be  taken  with 
a  single  strip  of  paper,  for  a  complete  test  of  a  three  ton  ingot 
rolled  to  4  in.  by  4  in.  billet,  if  there  be  a  minimum  of  idle 
running  between  passes. 
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It  would  seem  immaterial  whether  the  steam  be  measured 
from  the  high  or  low-pressure  cards,  since  in  either  case  a 
proper  addition  for  the  various  losses  must  be  made. 

It  is  not  usually  practicable  in  large  works  where  the 
boiler  plants  are  all  tied  together  to  isolate  enough  boilers  to 
supply  the  engine  being  tested,  since  it  would  necessitate  the 
erection  of  a  temporary  steam  line  at  considerable  expense. 

In  regard  to  Mr.  Snyder’s  lack  of  faith  in  the  Ilallwachs 
Steam  Meter,  it  can  be  stated  that  the  instrument  was  placed 
on  the  market  only  after  a  long  series  of  tests  conducted  under 
all  conditions  of  service.  In  the  near  future  we  expect  to  check 
the  Ilallwachs  against  a  Venturi  meter,  and  later  by  means  of 
a  surface  condenser. 

To  further  discuss  the  subject  of  speed  curve,  true  m.  e.  p., 
and  kinetic  energy,  would  be  only  to  repeat  parts  of  the  orig¬ 
inal  paper,  in  which  these  points  were  treated  in  detail.  In 
order  to  plot  a  true  power  curve,  or  values  for  work  done  in  any 
mill,  it  is  necessary  to  obtain  figures  for  kinetic  energy  at  all 
points  in  the  cycle.  The  power  curves  presented  fully  illustrate 
the  relative  importance  of  this  calculation  for  both  types  of 
mills  considered.  The  work  required  to  accelerate  cannot  be 
neglected,  even  in  designing  a  new  mill  to  do  the  same  work 
as  the  old.  Among  our  tests  we  have  a  case  of  two  engines  de¬ 
veloping  about  the  same  average  horse-power,  but  the  work  re¬ 
quired  to  accelerate  is  in  one  engine  nearly  three  times  as  much 
as  in  the  other.  The  indicated  work  from  one  engine,  therefore, 
would  give  no  index  to  the  amount  required  on  the  other  to  do 
the  same  work  in  the  mill.  It  must  be  remembered  that  in  a 
reversing  mill  nearly  all  of  the  work  of  acceleration  is  lost  in¬ 
stead  of  being  used  in  rolling,  .as  in  a  three-high  mill.  This 
loss  could  be  avoided  were  it  possible  to  have  the  piece  leave 
the  rolls  just  as  the  engine  comes  to  a  stop. 

Mr.  W.  C.  Coryell  :*  The  paper  under  discussion  is  very 
interesting  as  an  historical  review,  but  it  does  not  remove  the 
impression  that  very  little  is  known  about  the  flow  of  metal  in 
rolling  mill  passes.  In  what  follows  if  there  should  be  brought 
up  any  points  already  made,  permit  me  to  say  it  is  done  solely 

*Asst.  Professor  of  Steel  Works  Engineering',  Carnegie  Institute  of 
Technology,  Pittsburgn. 
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with  the  object  of  making  my  point  of  view  more  clearly  under¬ 
stood. 

Now,  let  me  plead  especially  for  simplicity.  In  steel  works 

we  need  methods  and  apparatus  which  are  reasonably  accurate, 

and  we  must  get  our  data  promptly  and  at  as  low  a  cost  as 

possible.  For  any  study  on  power  design,  output,  production, 

or  steam  consumption  a  test  can  be  run  in  one  day,  and  can 

be  worked  up  in  one  week,  using  only  a  set  of  continuous  indi- 

✓ 

cators,  a  stop  watch  (preferably  with  split  second),  a  Fery 
pyrometer,  a  steel  tape  and  planimeters.  Let  us  not  present  a 
bewildering  mass  of  data  that  is  not  essential  to  the  problem 
in  hand. 

I  am  pleased  that  Messrs.  Siebert  and  Fitzgerald  have  con- 
* 

fined  themselves  to  methods  of  making  tests  and  to  methods  of 
working  up  and  presenting  them.  This  is  a  broad  subject,  and 
when  we  engineers  can  agree  to  that  extent,  then  we  will  be 
ready  to  compare  tests. 

The  data  from  the  large  number  of  tests  now  being  made 
should  be  comparable,  and  we  are  not  doing  efficient  work  as 
engineers  until  we  make  them  so.  It  is  possible  that  enough 
experience  has  been  had  in  testing  mill  engines  to  make  it  ad¬ 
visable,  as  has  been  suggested  this  evening,  to  standardize  the 
methods  of  rolling  mill  testing.  Until  such  standards  are  es¬ 
tablished,  however,  everyone  making  tests  should  follow  Mr. 
Gasche’s  suggestions,  namely,  present  all  work  in  terms  re¬ 
ducible  to  foot-pounds  at  the  engine  shaft,  also  give  shapes  and 
sizes  of  passes  as  accurately  as  possible  with  temperatures  and 
time  of  rolling. 

It  will  be  observed  that  the  authors  follow  closely  the 
methods  of  Dr.  Puppe.  Especially  they  are  agreed  in  the  use 
of  the  old  formula  for  volume  of  reduction  (A-a)  L;  also  in 
the  necessity  for  obtaining  the  inertia  of  the  moving  masses 
and  in  the  means  of  measuring  time.  Occasions  may  arise  when 
it  will  be  desirable  to  time  a  piece  with  a  second  pendulum,  but 
the  work  required  to  roll  steel  can  be  found  without  the  aid  of 
a  timepiece,  and  without  considering  inertia.  However,  as  gen¬ 
eral,  or  secondar}7  data,  the  time  from  the  furnace  to  entering 
and  leaving  each  pass  should  be  obtained.  It  can  be  done  witn 
sufficient  accuracy  with  an  ordinary  stop  watch.  In  each  sys- 
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teni  of  timing,  the  greatest  error  by  far  is  that  of  the  observer 
in  pushing  a  button  or  pressing  a  key.  This  error  is  quite  liable 
to  be  one-fifth  second  per  pass,  and  may  be  two-fifths  of  a 
second.  The  greatest  error  in  this  respect  comes  in  the  first 
pass  where  the  total  time  is  about  eight-tenths  of  a  second. 
The  impracticability  of  determining  reliable,  or  even  safe,  re¬ 
sults  from  methods  involving  the  inertia  of  the  moving  masses 
must  be  apparent,  so  let  us  confine  our  attention  to  the  indicator 
cards,  and  see  if  they  do  not  show  within  reasonable  limits  of 
accuracy  all  that  is  essential  to  know. 

The  fly-wheel  on  a  rolling  mill  engine  is  only  the  store¬ 
house  for  work.  When  the  piece  enters  the  mill  the  engine 
and  fly-wheel  together  do  the  work ;  after  the  piece  has  left, 
the  engine  continues  to  carry  a  load  until  a  definite  amount  of 
work  is  stored  up  in  the  fly-wheel.  This  definite  amount  of 
work  is  the  kinetic  energy  of  the  moving  parts  at  piston  speed. 
Hence,  all  that  is  needed  to  be  known  about  inertia,  so  that  it 
may  be  ignored,  is  that  the  fly-wheel  is  brought  up  to  friction 
speed  before  and  after  the  pass.  Sometimes  the  piece  goes 
through  several  passes  without  the  fly-wheel  being  brought  up 
to  friction  speed.  We  cannot  delay  the  piece  and  get  true 
results  on  account  of  the  piece  cooling,  therefore  we  have  to 
accept  existing  conditions  and  depend  upon  the  cards  as  ob¬ 
tained. 

The  cards  should  be  taken  and  measured  in  the  manner 
pointed  out  by  the  authors.  The  result  should  be  plotted,  tin* 
foot-pounds  of  work  per  revolution  as  ordinates  and  the  revo¬ 
lutions  of  the  engines  as  absissae.  Such  a  curve  for  a  nine-pass, 
3-high  blooming  mill  is  shown  in  Fig.  34.  Each  pass  is  repre¬ 
sented  by  a  peak  more  or  less  distinct,  and  each  peak  consists 
of  a  rising  line  and  a  falling  line,  which  are  quite  definite.  The 
rising  line  represents  the  period  when  the  piece  is  in  the  pass, 
when  the  engine  is  changing  from  friction  load  to  full  load,  and 
when  the  fly-wheel  is  dropping  from  friction,  or  high  speed,  to 
low  speed.  The  falling  line  represents  the  period  when  the 
piece  has  cleared  the  pass  and  when  the  engine  is  putting  the 
work  back  into  the  fly-wheel  and  the  latter  is  speeding  up. 

It  should  be  observed  here  that  the  speed  of  the  engine 
#  determines  the  position  of  the  governor,  and  the  latter  deter- 
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mines  the  size  of  the  cards  which  in  turn  give  us  the  work 
curve.  The  speeding  up  of  the  fly-wheel  from  any  one  speed 
to  the  friction  speed  always  requires  a  definite  amount  of  work, 
and  the  engine  performs  this  work  in  a  remarkably  uniform 
manner,  time  after  time  without  variation.  Because  of  the  uni¬ 
formity  of  conditions  it  follows  that  there  is  a  uniformity  in 
the  slope  of  the  falling  lines  in  the  work  curve.  The  falling 
lines  from  peaks  of  equal  height  are  parallel,  and  the  higher 
the  peak  the  sharper  the  descent.  The  work  curve,  shown  in 
Fig.  34,  illustrates  these  points. 


Fig.  34.  Work  Curve  from  3-high  Blooming  Mill  Engine. 


The  total  work  per  pass  in  foot-pounds  will  be  the  product 
of  the  area  of  the  peak  in  square  inches  into  the  scale  of  foot 
pounds  per  inch  and  the  scale  of  revolutions  per  inch. 

It  is  advisable  to  draw  the  line  across  the  peaks  repre¬ 
senting  the  friction  load  in  order  to  use  it  as  a  base 
line  in  getting  the  net  work  to  roll.  Any  work  above  this  line 
is  positive,  and  any  work  below  it  is  negative.  In  taking  the 
cards  it  is  best  to  get  a  complete  ingot  and  to  start  with  fric¬ 
tion  and  end  with  friction.  The  total  work  will  be  the  sum  of 
all  the  work  from  friction  to  friction,  and  the  net  work  to  roll 
the  piece  will  be  the  total  work  less  the  work  of  an  equal  num-  % 
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ber  of  friction  revolutions.  This  net  work  to  roll  the  ingot 
should  be  kept,  to  check  against  the  sum  of  the  net  works  for 
the  individual  passes  which  we  are  about  to  find.  Before  pro¬ 
ceeding  with  the  actual  work  curve  shown  in  Fig.  34,  let  us 
take  up  a  few  cases  based  on  ideal  peaks.  Fig.  35  shows  two 
peaks,  either  adjacent  or  not,  having  the  same  height,  the  sec¬ 
ond  peak  having  been  interrupted  at  X  by  another  peak  start¬ 
ing  in.  Because  of  the  equal  heights  of  A  and  Ef  and  the 
parallelism  of  A  B  and  E  X,  we  extend  E  X  by  drawing  X  F  G, 
and  we  also  make  G  H  parallel  to  C  D.  The  net  area  of  the  peak 
for  obtaining  the  net  work  now  becomes  area  DEXFD  minus 
area  F  G  E  F.  These  areas  can  be  measured  with  a  planimeter 
by  means  of  one  sweep  thus,  DEXFGHFD.  It  is  always 
advisable  to  begin  the  pass  on  the  up  curve  where  it  crosses 


the  friction  line,  and  the  peak  must  complete  the  cycle.  In 
other  words  a  peak  must  consist  of  a  rising  line  beginning  at 
friction,  a  falling  line  to  below  friction,  and  a  rising  line  up 
to  friction.  The  number  of  revolutions  for  this  pass  is  the 
distance  DH  measured  with  the  revolution  scale.  In  Fig.  36 
we  have  two  peaks  of  apparently  nearly  equal  heights, 
but  the  second  peak  is  of  a  considerably  greater  height 
due  to  the  peak  at  B  being  narrow  and  acute,  while  the 
second  D  E  is  quite  obtuse..  The  heights  of  the  peaks 
are  more  accurately  shown  by  the  pitch  of  the  falling  line, 
therefore  the  peak  ABC  must  be  completed  from  some  other 
peak  than  C  D  E  G.  Having  measured  the  first  peak  according 
to  the  method  above,  in  Fig.  35,  measure  peak  C  D  E  G  bv 
measuring  polygon  K  C  D  E  F  G  K  for  the  positive  area.  Tn 
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this  case  the  negative  area  is  not  G  H  I  G,  but  the  difference 
between  G  II  I  G  and  K  L  M  K.  Therefore  the  second  peak 
has  a  net  area  K  CDEFGHIG  ML  K  as  measured  with 
a  planimeter.  In  such  a  case  as  this,  it  is  advisable  to  check 
the  net  work  for  the  individual  peaks  against  the  net  work  of 
the  two  together.  It  will  not  now  be  necessary  to  analyze  in 
detail  how  all  the  peaks  of  Fig.  34  can  be  measured.  Peaks 
No.  1  and  3  are  approximately  of  the  same  height  as  is  shown 
by  the  parallelism  of  their  falling  lines.  Their  negative  areas 
must  be  obtained  from  another  card,  and  we  know  it  will  not 
be  large.  The  peak  for  the  second  pass  is  easily  found.  Peaks  for 
the  third  and  fourth  passes  are  separated  in  the  manner  shown 
in  Fig.  36.  The  others  are  simple  cases. 


D 


The  work  curve  of  Fig.  34  is  not  offered  as  a  perfect  ex¬ 
ample.  The  depressions  after  passes  No.  2  and  9  are  open  to 
criticism.  There  may  have  been  a  change  in  lubrication,  some 
one  may  have  borne  down  on  a  sensitive  part  of  the  governor 
mechanism,  or  more  likely  a  positive  card  may  have  been  meas¬ 
ured  as  a  negative.  Any  of  these  difficulties  will  affect  both 
the  inertia  method  used  by  the  authors  and  the  method  em¬ 
ployed  by  the  speaker. 

The  latter  method  saves  an  enormous  amount  of  labor  both 
in  making  the  test  and  in  working  up  the  data.  It  is  so  simple 
it  is  possible  to  develop  work  curves  for  a  number  of  ingots 
and  thus  get  comparative  data. 
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In  making  tests,  we  first  attempted  to  establish  the  work 
in  the  form  of  coefficients  based  upon  the  old  formula: 

work  in  foot-pounds 

c  = - (TioL - 

believing  that  the  denominator  represented  the  volume  of  re¬ 
duction.  After  making  several  tests  it  began  to  appear  that  the 
volume  of  reduction  from  one  size  to  a  smaller  size  was  varying 
irrationally  according  to  the  number  and  also  to  the  percent  of 
reduction  of  the  passes  used  in  the  mill.  Abandoning  the  old 
formula,  we  accepted  the  Neeland-Gasche  formula,  which  is : 

ri  work  in  foot-pounds 
C  =  ^ 

A  L  hyp  log  — 
a 

Here  the  denominator  represents  what  is  wrongly  termed 
the  volume  of  reduction.  A  better  expression  might  be  the 
measure  of  the  combined  A  and  L  changes.  The  volume  is  not 
compressible,  so  there  can  be  no  reduction  of  volume.  "While  the 
area  is  decreasing  through  all  intervening  areas  between  the 
initial  A  and  the  final  a  the  length  is  increasing  through  all  in¬ 
tervening  lengths  between  the  initial  L  and  the  final  l,  the  two 
actions  being  simultaneous.  It  is  clear  that  the  formula  (A-a' 
L  only  takes  care  of  the  A  changes. 

Now  it  is  an  axiom  that  in  reducing  a  piece  of  steel  from  one 
area  to  a  smaller  area  the  measure  of  the  combined  A  and  L 
changes  must  be  independent  of  how  that  reduction  takes  place, 
whether  it  is  done  in  one,  or  in  several  passes.  This  formula 
answered  the  purpose,  and  it  is  derived  as  follows : 

Let  A  equal  area  of  piece  before  pass  in  sq.  in. 
a  “  area  of  piece  after  pass  in  sq.  in. 

L  “  length  of  piece  before  pass  in  feet 
1  11  length  of  piece  after  pass  in  feet 

Neglecting  scaling  losses  and  shrinkage  due  to  cooling  the 
volume  of  the  piece  remains  constant.  Hence,  we  have 

A  L  =  a  1 

The  piece  in  being  rolled  changes  through  the  interveniug 
infinitestimal  areas  and  length,  A  to  a  and  L  to  l.  An  infini- 
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tesimal  reduction  then  becomes  A.  d  L  or  a.  dl.  From  the  latter 
the  volume  of  reduction  equals 


Volume  of  Reduction  = 


J*l  a'dl 


1  dl 


r 1  dj 

=  AL  JlT 

1 

=  AL  hyp.  log  L~ 


=  AL  hyp.  log  - 


a 


This  formula  has  been  widely  used  and  gives  consistent  re¬ 
sults.  The  common  logarithm  is  a  little  more  convenient  lo 
use,  but  since  the  hyperbolic  logarithm  was  already  in  rather 
extensive  use,  we  retained  the  latter. 

To  compare  the  two  formulae  assume  the  specific  case  of 
a  6  in  by  6  in.  by  8  ft.  bloom  reduced  to  a  1.5  in.  by  1.5  in. 
billet  128  ft.  long.  The  reductions  for  different  mills  sum  up  as 
follows : 


Number  of  passes  in  mill  Formula 


A 

AL  Hyp.  log  — 
a 

(A-a)  L 

One  pass  mill  . 

.  798.5 

270. 

Two  pass  mill . 

.  798.5 

432 

Three  pass  mill  . 

.  798.5 

511.5 

Three  pass  mill  . 

.  798.5 

480.0 

Seven  pass  mill  . 

.  798.5 

650.4 

Twelve  pass  mill . 

.  798.5 

710.4 

Infinite  number  of  passes . 

.  798.5 

798.5 

These  values  are  plotted  in  Fig.  37,  which  plainly  shows 
the  tendency  of  the  two  curves  to  become  coincident  with  the 
increasing  number  of  passes  and  suggests  that  with  enough 
passes  they  will  meet.  That  this  is  the  case  is  shown  by  the 
intergration 

rA  A 

I  (A — a)  L  =  AL  hyp.  log  — 

J  a  a 

The  measure  of  combined  A  and  L  changes  as  calculated  by 
the  (A-a)  L  formula  are  shown  in  block  form  in  Fig.  38.  Be- 
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tween  these  blocks  and  the  hyperbolas  are  the  volumes  unac¬ 
counted  for.  The  Neeland-Gasche  formula  gives  at  once  to  the 
hyperbola  irrespective  of  whether  it  is  a  one  pass  or  a  twelve 
pass  mill,  and  irrespective  of  the  percents  of  pass  reductions. 
That  being  the  case  the  latter  is  a  measure  of  the  combined 
A  and  L  changes. 


Fig.  37.  Comparison  of  Displacement  Formulae. 

It  is  also  of  interest  to  notice  the  reduction  in  the  two 
three-pass  mills.  The  logarithmic  formula  gives  the  same  result 
as  in  all  other  milk,  while  the  old  formula  gives  a  different 
value  from  all  the  others.  The  fact  is,  coefficients  based  upon 
this  formula  should  not  be  used  in  the  design  of  mills  having 
a  greater  number,  or  a  less  number,  of  passes  than  the  number 
of  passes  in  the  mill  tested.  Also  the  proposed  mill  must  have 
quite  similar  reductions  per  pass.  Of  course,  under  those  re¬ 
strictions,  there  is  no  need  of  having  any  test  data. 


— i- 


Fig.  38 


Reductions  in  One-pass  to  Twelve-pass  Mills 
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The  Authors:  Mr.  Coryell’s  discussion  indicates  a  rather 
hasty  reading  of  our  paper.  The  object  of  his  discussion  seems 
to  lie  in  the  advancement  of  a  so-called  ‘‘short  cut”,  ‘‘reason¬ 
ably  accurate”  method,  which  takes  no  cognizance  of  the  vital 
factors  that  we  have  fully  emphasized.  These  factors  are: 
speed,  time,  inertia,  M.  E.  P.  curves,  work  in  horse-power  sec¬ 
onds  or  foot  pounds,  etc.  Also  our  statement  as  to  the  present 
state  of  knowledge  of  the  laws  governing  the  flow  of  solid  or 
plastic  bodies  seems  to  have  been  overlooked.  A  careful  read¬ 
ing  of  the  paper  will  tend  to  dispel  wrong  impressions.  Fur¬ 
thermore,  a  warning  has  been  sounded  by  Mr.  Coryell  and 
others  against  the  use  of  the  coefficients  derived  by  the  formula 

Vd  =  L  (A-a) 

which,  together  with  other  statements  made  in  his  discussion, 
justify  a  detailed  examination  of  the  points  disputed. 

Relative  to  the  plea  for  simplicity,  it  can  be  stated  that 
not  only  in  steel  works,  but  in  every  well  managed  plant,  meth¬ 
ods  and  apparatus  should  be  such  that  commercially  accurate 
data  may  be  obtained  promptly  and  at  the  lowest  cost  consistent 
therewith.  The  installation  and  operation  of  a  large  mill  and 
its  prime  mover  involves  the  expenditure  of  a  large  sum  of 
money,  and  its  importance  is  such  as  to  warrant  the  most  care¬ 
ful  study  of  all  its  features.  The  basis  for  such  a  study  should 
lie  in  a  thorough  knowledge  of  all  the  conditions  which  affect 
its  operation,  economy,  and  efficiency.  The  expense  of  obtain¬ 
ing  such  information  is  infinitesimal  compared  with  the  im¬ 
portance  of  the  subject  to  which  it  relates.  Therefore,  tests 
should  be  made  with  sufficient  detail  and  care  to  insure  com¬ 
mercial  accuracy,  which  should  never  be  sacrificed  for  the  sake 
of  simplicity,  and  the  apparatus  and  methods  must  be  such  that 
by  their  use  the  bounds  between  reasonable  accuracy  and  serious 
error  will  be  sharply  defined.  That  these  bounds  cannot  be 
determined  by  the  method  advanced  by  Mr.  Coryell  will  be 
shown  in  the  following. 

The  statement  is  made  that  “for  any  study  on  power” 
there  is  required  only  a  set  of  continuous  indicators,  stop-watch, 
pyrometers,  steel  tape  and  planimeters.  That,  in  reality,  more 
apparatus  is  required  for  any  complete  power  study,  is  a  fact 
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which  will  be  confirmed  by  all  who  have  had  occasion  to  make 
such  experiments,  and  have  given  the  subject  the  consideration 
which  it  demands,  and  who  desire  to  eliminate  guess  methods 
and  present  facts,  pure  and  simple,  in  the  presentation  of  which 
the  data  need  not  be  bewildering.  Why  there  is  importance 
attached  to  the  use  of  a  pyrometer,  and  stop-watch  with  split 
record,  for  any  data  which  can  possibly  be  obtained  by  the 
method  that  is  advanced,  the  authors  cannot  comprehend,  since 
the  error  in  the  principal  factors,  by  this  method,  is  far  greater 
than  the  variations  produced  in  the  work  of  rolling  by  consider¬ 
able  temperature  differences  in  the  steel.  For  the  benefit  of 
those  who  wish  to  follow  the  method  proposed,  the  authors  will 
state  that  they  need  only  a  set  of  continuous  indicators  and  an 
Jngersoll  watch.  From  the  card  records,  the  work  in  foot-pounds 
and  the  approximate  steam  consumption  for  certain  periods  can 
be  obtained,  and  by  the  latter  instrument  the  time  of  rolling 
and  rate  of  production  can  be  gotten  to  the  even  second.  The 
authors  can  make  such  a  test  in  about  one-lialf  hour  and  work 
up  the  cards  for  one  ingot  rolled  in  a  21-pass  reversing  mill 
engine  in  two  days,  and  the  cards  for  several  ingots  from  a 
9-pass  three-high  blooming  mill  engine  in  one  day.  Thus  cost 
of  apparatus  and  time  to  work  up  the  data  may  be  reduced  to  a 
minimum. 

But  of  what  use  is  such  data,  and  what  will  it  show  us  ? 
This  question  can  be  answered  best  by  analyzing  a  few  of  the 
important  factors,  which  must  be  known  when  the  size  of  a 
prime  mover  for  a  new  mill  is  being  sought,  and  we  will  see 
whether  the  data  for  these  factors  can  be  obtained  by  the  means 
proposed  in  this  quick  method.  The  builders  of  prime  movers 
can,  no  doubt,  make  the  best  design  when  furnished  with  charac¬ 
teristics  of  the  resistance  which  the  required  engine  or  motor 
must  overcome.  Such  characteristics  can  be  plotted  from  data 
which  may  be  obtained  by  the  methods  of  experiment  described 
by  the  authors.  Given  the  steel  temperature,  roll  diameter,  draft, 
and  size  of  passes,  the  work  for  any  one  pass  can  be  found  by 
multiplying  the  volume  to  be  displaced  by  the  proper  horse¬ 
power  seconds,  or  foot-pounds  per  cubic  inch,  and  the  power 
rate  can  be  found  by  dividing  the  horse-power  seconds  by  the 
time  of  the  pass.  Similarly,  torque  may  be  obtained  by  dividing 
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the  total  foot-pounds  for  any  one  pass  by  the  length  in  feet  of 
the  piece  to  be  rolled  in  that  pass.  In  addition,  curves  may  be 
plotted  to  determine  the  size  of  the  fly-wheel  best  suited  to  the 
given  conditions.  In  short,  full  information  regarding  any 
phase  of  the  power  problem  can  be  obtained  from  the  data  of 
a  complete  test. 

Now  let  us  discuss  the  principal  features  of  the  method 
proposed  by  Mr.  Coryell,  also  his  points  of  objection  to  the  com¬ 
plete  method.  The  statement  is  made  that  “in  each  system 
of  timing  the  greatest  error  is  that  of  the  observer  in  pushing 
a  button  or  pressing  a  key,  and  that  this  error  is  liable  to  be  1-5 
or  2-5  second  and  is  greatest  in  the  first  pass,  the  duration  of 
which  is  about  8-10  seconds.  Hence  the  impracticability  of  get¬ 
ting  reliable  or  even  safe  data  from  any  method  involving  inertia 
of  moving  masses.  Therefore,  attention  should  be  confined  to 
indicator  cards  which  will  show  within  reasonable  limits  of 
accuracy  all  that  is  essential  to  know.”  It  is  evident  that  he 
omitted  to  read  carefully  our  statements  regarding  the  method 
of  evaluating  time  and  speed.  Had  he  done  so  he  would  have 
found  that  we  do  not  depend  upon  the  observer  but  on  the  speed 
record  for  accurately  marlring  the  period  of  pass.  Therefore, 
errors  of  the  magnitude  specified  by  him  are  not  at  all  possible, 
since  the  instant  when  the  bloom  enters  or  leaves  the  pass  will  be 
shown  by  a  sharp  peak  in  the  speed  curve.  The  keys  on  the 
instrument  shown  in  Fig.  19  are  used  by  the  observer  for  mark¬ 
ing  events  of  secondary  importance,  as,  for  instance,  approxi¬ 
mate  location  of  a  pass,  turning  of  bloom,  slipping  of  rolls,  etc., 
and  these  events  in  no  way  affect  the  basic  characteristics.  Be¬ 
sides,  since  one  second  on  the  instrument  record  is  represented 
by  a  space  of  three  inches  it  is  possible  to  measure  1-100  second 
or  1-33  in.  with  “reasonable”  accuracy. 

Mr.  Coryell’s  remarks  about  “impracticability  of  getting 
reliable  or  even  safe  data  from  any  method  involving  inertia  of 
moving  masses”  are  inconsistent,  as  further  on  the  following  is 
stated:  “The  fly-wheel  is  the  store  house  for  work.  .The  wheel 
and  cylinder  together  do  the  work  when  the  bloom  enters  the 
pass,  and  when  the  bloom  leaves  the  pass  the  cylinders  store 
work  into  the  fly-wheel,  etc.”  Correct.  Fig.  30  shows  the  power 
and  speed  curves  for  a  three-high  blooming  mill.  A  glance  at 
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the  curves  will  prove  to  what  extent  fly-wheel  and  cylinders 
share  in  the  total  work.  In  the  earlier  passes  the  fly-wheel  does 
from  80  to  100  percent  of  the  work  and  the  cylinders  restore 
that  work  or  a  portion  of  it,  during  the  interval.  But,  since 
the  fly-wheel  cannot  do  work  without  changing  its  speed,  it  is 
evident  that  the  speed  curve  must  show  the  exact  instant  when 
that  work  is  performed,  i.  e.,  there  must  be  a  drop  in  speed 
when  the  wheel  does  work,  and  a  rise  in  speed  when  work  is  put 
into  it.  Hence,  however  short  the  period  of  the  first  pass  may 
be,  it  must  be  accurately  indicated  by  sharp  peaks  in  the  speed 
curve.  Such  being  the  case  the  “impracticability  of  getting 
reliable  or  even  safe  data  from  an  inertia  method”  is  not  at  all 
apparent.  The  fact  is,  it  is  the  only  absolutely  safe  method  for 
obtaining  accurate  results. 

Notwithstanding  this  fact,  Mr.  Coryell  states  that  “work 
required  to  roil  can  be  found  without  the  aid  of  a  timepiece 
and  without  considering  inertia  of  moving  masses.”  “All  that 
needs  to  be  known  about  inertia  so  that  it  can  be  ignored,  is 
that  the  wheel  is  brought  up  to  friction  speed,  before  and  after 
the  pass.  ’  ’  And  further :  ‘  ‘  Sometimes  the  piece  goes  through 
several  passes  without  the  wheel  being  brought  up  to  friction 
speed.  The  piece  cannot  be  delayed  and  true  results  gotten,  due 
to  the  piece  cooling,  therefore  existing  conditions  must  be  ac¬ 
cepted  and  the  indicator  cards  as  obtained  be  depended  upon, 
which  will  show  within  reasonable  limits  of  accuracy  all  that 
is  essential  to  know.’*  The  unreliability  of  any  data  on  power 
requirements  of  individual  passes  that  can  be  obtained  by  the 
method  thus  recommended  is  at  once  apparent  when  we  com¬ 
pare  his  statements  with  the  facts  shown  on  Fig.  30.  The  speed 
curve  on  this  figure  shows  that  only  during  one  interval  of  each 
ingot,  between  passes  2  and  3,  has  the  fly-wheel  been  brought 
to  friction  speed,  68.7  r.  p.  m.,  at  all  other  intervals  the  maximum 
speed  was  considerably  below  that.  He  admits  that  true  results 
cannot  be  gotten  if  the  ingot  is  delayed  to  the  extent  necessary 
to  bring  the  fly-wheel  to  friction  speed  after  every  pass,  but 
with  the  same  breath  sa.vs  that  indicator  cards  will  show  everv- 

u/ 

thing  essential  to  the  case.  How  inconsistent.  The  fly-wheel 
and  cylinders  together  do  the  work  in  every  pass,  yet  he  states 
that  the  former  can  be  ignored  and  it  is  only  necessary  to  con- 
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sider  indicator  cards.  The  fallacy  of  this  doctriue  can  easily 
be  proven  by  applying  this  method  against  the  values  shown  on 
Fig.  30.  This  will  be  done  later.  For  the  time  being  we  will 
refrain  from  further  discussion  of  the  curves  shown  on  Fig.  30 
and  consider  the  interesting  system  of  card  evaluation. 

Referring  to  his  Fig.  34,  Mr.  Coryell  states:  “Each  pass 
is  shown  by  a  peak  of  rising  and  falling  lines  (curves  of  work 
in  foot-pounds)  which  are  quite  definite.  The  rising  line  repre¬ 
sents  the  period  when  bloom  is  in  pass,  when  engine  changes 
from  friction  to  full  load  and  the  fly-wheel  dropping  from  high 
to  low  speed.  Ihe  falling  line  represents  the  period  when  bloom 
has  cleared  pass  and  when  engine  is  storing  work  into  fly-wheel, 
which  is  then  speeding  up.”  Is  this  statement  verified  by  the 
true  curves  of  speed  and  m.  e.  p.  shown  on  Fig.  30?  Does  the 
card  record  (m.  e.  p.  curve)  indicate  within  reasonable  limits  of 
accuracy  when  the  fly-wheel  retarded  or  when  it  accelerated  ? 

There  is  stated  further:  “Engine  speed  determines  gov¬ 
ernor  position  and  governor  determines  the  size  of  cards,  which 
give  the  work  curve.  Speeding  up  of  the  wheel  requires  a 
definite  amount  of  work,  which  the  engine  performs  in  a  remark¬ 
ably  uniform  manner,  time  after  time  without  variation.  Be¬ 
cause  of  this  uniformity  it  follows  that  there  is  a  uniformity  in 
the  slope  of  the  falling  lines  in  the  work  curve,  which  from 
peaks  of  equal  height  are  parallel,  and  the  higher  the  peak  the 
sharper  the  descent,  etc.”  Let  us  stop  for  a  moment  and  con¬ 
sider  this  statement.  The  governor  of  a  steam  engine  will  not 
act  instantaneously,  since  there  must  be  a  change  in  speed 
before  it  can  act.  This  being  the  case,  how  can  the  m.  e.  p.  curve 
indicate  the  instant  when  the  bloom  enters  or  leaves  the  pass? 
Will  anybody  guarantee  that  a  steam  engine  governor  will  act 
within  1-5  or  2-5  second  when  operating  under  such  highly 
variable  loads  as  is  shown  on  Fig.  30?  Let  us  glance  at  these 
curves  and  see  to  what  extent  his  statement  can  be  verified  by 
facts.  The  engine  was  running  at  friction  speed  when  ingot  No. 
1  entered  the  first  pass.  It  again  reached  friction  speed  before 
ingot  entered  third  pass,  after  which  speed  continually  dropped 
until  after  the  ninth  pass,  due  to  a  long  interval  between  ingots 
Nos.  1  and  2,  when  the  fly-wheel  was  finally  brought  to  friction 
speed.  The  speed  conditions  under  which  ingot  No.  2  was  rolled 
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are  quite  similar,  except  that  friction  speed  after  ninth  pass 
was  not  attained,  due  to  the  rapidity  with  which  ingot  No.  3 
followed.  One  point  which  should  be  referred  to  is  the  great 
difference  between  the  speed  peaks,  also  the  m.  e.  p.  peaks,  of 
the  individual  passes  of  the  two  ingots.  Both  ingots  were  rolled 
under  quite  ordinary  conditions.  Let  us  now  attempt  an  analy¬ 
sis  of  the  m.  e.  p.  curves  along  the  lines  suggested  by  Mr.  Coryell 
in  the  paragraph  quoted  above. 

A  glance  at  the  m.  e.  p.  curves  will  prove  that  there  is  no 
parallelism  or  uniformity  whatever  between  the  ascending  and 
descending  portions  in  the  peaks  for  any  one  of  the  several 
passes.  These  curves  further  indicate  that  if  the  method  sug¬ 
gested  by  the  speaker  in  his  Fig.  34  be  followed  we  will  get  for 
ingot  No  1  the  results  will  be  too  low  for  passes  1,  3,  5  and  7, 
and  lesults  which  are  too  high  for  passes  2,  4,  6,  8  and  9.  For 
ingot  No.  2  the  results  will  be  too  low  for  passes  1,  3,  5  and  7, 
and  too  high  for  passes  2,  4  and  6.  How  anyone  could  sub¬ 
divide  the  peak  for  passes  8  and  9  of  ingot  No.  2,  even  if  the 
engine  had  attained  friction  speed  after  the  9th  pass,  is  not 
clear.  The  results  for  the  different  passes  which  would  be  ob¬ 
tained  by  Mr.  Coryell’s  method  would  be  quite  different  from 
the  actual  values  shown  for  each  pass  on  Fig.  30. 

There  is  stated  further:  “ Cards  should  be  taken  for  a  com¬ 
plete  ingot  and  should  be  started  and  ended  with  friction  load. 
This  net  total  work  should  be  kept  to  check  against  the  sum  of 
the  net  work  for  the  individual  passes,  which  we  are  about  to 
find.”  The  authors  wish  to  state  here,  quite  emphatically,  that 
they  cannot  evaluate  the  m.  e.  p.  curve  shown  on  Fig.  30  for 
the  individual  passes  and  get  anything  like  reasonably  accurate 
results.  The  fact  is  that  the  results  would  be  quite  far  from 
being  commercially  accurate.  Those  who  wish  to  demonstrate 

that  fact  to  their  own  satisfaction  may  do  so.  We  will  give  aid 

% 

to  their  efforts  by  stating  that  the  foot-pounds  per  revolution 
can  be  gotten  by  multiplying  the  ordinates  (m.  e.  p.)  by  the  net 
cylinder  area  (6185  sq.  inches)  and  by  the  abcissae  (revolutions) 
each  of  which  represent  10  feet  piston  travel.  And  the  total 
foot-pounds  per  pass  can  be  obtained  by  addition  of  the  number 
of  revolutions  to  be  considered  for  any  one  pass.  But,  how  is 
it  possible  to  allot  the  proper  number  of  revolutions  for  any 
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one  pass  from  the  m.  e.  p.  curve  alone?  The  authors  cannot 
answer  this  question.  It  is  not  clear  to  them  how  anybody  can. 
Certain  it  is  that  Mr.  Coryell’s  method  is  wanting  in  regard  to 
getting  actual  values  for  individual  passes.  In  such  a  mill  it  is 
possible  to  get  fairly  accurate  results  only  by  allowing  the  engine 
to  attain  friction  speed  after  each  pass,  and  this  means  that  the 
ingot  must  be  delayed  to  that  extent.  Mr.  Coryell  states  that 
“the  ascending  portion  of  the  m.  e.  p.  curve  indicates  the  period 
when  ingot  is  in  pass,  and  the  descending  portion  the  period 
of  fly-wheel  acceleration.”  The  curves  of  Fig.  30  also  disprove 
this  assumption,  since  each  pass  is  correctly  shown  in  terms 
of  engine  revolutions,  and  the  m.  e.  p.  curve  does  not  at  all  show 
the  point  where  piece  entered  or  left  the  mill,  nor  does  it  show 
when  the  fly-wheel  commenced  or  ceased  to  retard  or  accelerate. 
By  the  simple  method  suggested  it  is  possible  only  to  get  average 
work  for  the  total  number  of  passes,  and  that  can  be  gotten  only 
when  cards  are  started  and  ended  with  friction  load,  before  the 
first  and  after  the  last  pass.  In  further  explanation  of  his 
method  of  evaluating  peaks  for  individual  passes  he  states,  in 
reference  to  his  Fig.  34:  “The  heights  of  the  peaks  are  more 
accurately  shown  by  the  pitch  of  the  falling  line,  therefore  the 
peak  ABC  must  be  completed  from  some  other  peak  than 
C  D  E  Gy  etc.”  And  further:  “In  such  a  case  it  is  advisable 
to  check  the  net  work  for  the  individual  peaks  against  the  net 
work  of  the  two  together.”  (It  would  be  interesting  to  try  this 
method  on  the  peak  shown  on  Fig.  30  for  passes  8  and  9,  ingot 
No.  2).  “The  negative  areas  must  be  obtained  from  another 
card  and  we  know  it  will  not  be  large.”  (Why  these  negative 
areas?  What  causes  them?  The  m.  e.  p.  curve  on  Fig.  30 
shows  no  negative  work  whatever  after  ingots  entered  first  pass.) 
“Depressions  after  passes  2  and  9  are  open  to  criticism.  They 
may  be  due  to  changes  in  lubrication  or  someone  interfering 
with  the  sensitive  parts  of  the  governor  mechanism,  or  a  positive 
card  may  have  been  measured  as  a  negative.  Any  of  these 
difficulties  will  affect  both  the  method  of  the  speaker  as  well  as 
that  of  the  authors.  This  method  saves  an  enormous  amount 
of  labor.  It  is  very  simple.  Work  curves  may  be  plotted  for 
several  ingots  and  comparative  data  thus  be  obtained.”  Ts  it 
necessary  to  comment  on  these  latter  remarks?  It  is  most  im- 
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probable  that  “changes  in  lubrication”  are  likely  to  occur  and 
to  again  disappear  within  an  interval  of  a  few  seconds.  In¬ 
terference  Avith  governor  mechanisms  should  be  strongly  dis¬ 
couraged.  By  our  method,  if  a  positive  card  should  by  mistake 
be  measured  as  a  negative  one,  the  error  will  at  once  be  de¬ 
tected  by  reference  to  the  speed  curve.  That  the  speaker’s 
method  appears  simple  the  authors  agree.  To  follow  it,  how¬ 
ever,  and  expect  to  get  commercially  accurate  data  is  anything 
but  simple  or  safe.  The  apologies  for  the  simple  method  re¬ 
quire  no  further  comment.  They  are  characteristic  of  its  short¬ 
comings  and  place  upon  it  the  stamp  of  inaccuracy. 

Thus  far  we  have  considered  three-high  mills  only.  An 
investigation  of  the  power  requirements  of  this  type  is  simple, 
when  compared  A\Tith  that  of  reversing  mills.  Can  the  simpJe 
method  recommended  by  Mr.  Coryell  be  applied  “safely”  to 
reversing  mills?  No.  Why  not?  Because  the  work  sIioaatl  by 
the  indicator  cards  includes  that  of  acceleration  of  the  rotating 
masses,  and  while  the  moment  of  inertia  of  reversing  mills  is 
much  smaller  than  that  of  three-high  mills,  the  speed  variations 
in  the  former  are  so  very  much  greater  than  in  the  latter  that 
inertia  becomes  a  factor  of  utmost  importance.  Now,  is  the 
moment  of  inertia  in  reversing  mills  really  an  item  of  such  im¬ 
portance  that  true  \Talues  for  work  cannot  be  gotten  unless  it  is 
considered?  Yes.  The  unit  values  Avill  be  far  from  accurate 
unless  that  factor  is  considered.  An  illustration  of  this  fact  is 
presented  in  Fig.  29,  Avhich  shows  the  speed  and  power  curves 
for  a  reversing  blooming  mill  drNen  by  a  tAvin,  tandem  com¬ 
pound  engine.  A  glance  at  the  m.  e.  p.  and  kinetic  energy  horse- 
power  curves  Avill  giAre  an  approximate  idea  of  the  extent  to 
which  negatwe  Avork  influences  the  results.  As  a  further  illus¬ 
tration  of  this  point,  it  may  be  mentioned  that  the  total  work 
for  such  reATersing  mill  engines  from  Avhicli  steam  curves  A  and 
B,  Figure  27,  AA7ere  obtained,  for  a  number  of  the  early  passes, 
distributes  as  folloAA7s :  Used  in  doing  work,  45  percent;  lost  in 
acceleration,  26  percent ;  lost  in  friction,  29  percent.  And  for 
an  ingot  rolled  in  21  passes :  55  percent,  18  percent  and  27  per¬ 
cent  respectively.  These  figures  sIioav  to  AAfitat  extent  the  Avork 
per  pass,  or  the  average  Avork,  will  be  erroneous  if  inertia  is 
ignored. 
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The  authors  believe  that  sufficient  evidence  has  been  given 
above  to  prove  that  the  method  of  experiment  and  calculation 
recommended  by  Mr.  Coryell  will  not  give  reliable  information, 
and,  therefore,  should  not  be  used.  The  two  methods  proposed 
for  calculating  displacement  will  next  be  considered. 

In  view  of  the  fact  that  there  exists,  in  the  general  subject 
of  Mill  Power,  so  many  very  interesting  problems,  as  yet  not 
completely  investigated,  it  seems  a  pity  to  expend  time  and 
space  in  the  support  of  a  proposition  which,  for  the  last  forty 
years,  has  appeared  self-evident  to  a  majority  of  the  engineers 
who  have  considered  the  subject  at  length.  It  may  be  stated 
that  the  following  exposition  is  not  given  with  the  hope  of  con¬ 
vincing  our  critics  of  the  error  of  their  formula,  since  some 
are  perfectly  familiar  with  our  views  on  this  question,  but  in  the 
attempt  to  present  the  whole  matter  in  as  clear  a  manner  as 
possible  to  those  interested  in  the  subject,  who  are  as  yet  unprej¬ 
udiced,  and  who,  therefore,  will  be  in  position  to  arrive  at  a  just 
conclusion.  To  this  end,  may  it  be  suggested  that  the  source  of 
any  statement  be  not  permitted  to  influence  the  estimate  of  its 
inherent  truth? 

The  formulae  which  have  been  proposed  for  calculating  the 
volume  of  displacement  are  expressed -thus : 


.  Yd  =  (A  —  a)  L 
as  used  in  the  paper 


Yd  =  A  L  hyp  Log 


a 


recommended  by  Mr.  Coryell. 


in  which 

Yd  =  Yolume  displaced 
A  =  Area  before  pass 
a  =  Area  after  pass 
L  =  Length  before  pass 

The  term  ‘‘volume  of  reduction”  should  not  be  used  be¬ 
cause  there  is  no  actual  reduction  in  the  volume,  but  there  does 
occur  displacement  of  metal.  Therefore,  the  term  volume  of 
displacement  is  more  nearly  accurate  and  more  expressive  of 
what  takes  place  in  a  pass,  during  the  rolling  process.  This 
conception  is  expressed  by  the  equation  : 


Yd=  (A  —  a)  L 
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Graphically,  the  volume  of  displacement  is  indicated  by  the 
cross-hatched  portions  of  Fig.  39. 

A  -  c?rca  <■>.’’>?  pass 
a  -  grog  <af /cr  pci  S3 


I  /  / usirahcn  of  ihe  ierms  as  embodied  m  ecjuaf  ten  (j). 

Vs  Valume  of  or  i  c?  i  na !  bodi./  g  Ax  A  *  a  xZ 

)Ad  ~  Volume  cd/s placed  -  (A  - G )  L.  -  CZ~L  1-  r 
Fig.  39.  Diagram  showing  Volume  of  Displacement. 

In  contrast  to  this,  if  one  were  asked  to  state  in  terms  of 
hpyerbolic  log,  what  the  volume  of  displacement  really  is,  the 
only  reply  eould  be 

A 

A  L  hyp  log  — 
a 

A  model  could  not  be  made  illustrating  the  metal  displaced  as 
calculated  by  this  formula.  It  seems  impossible  to  get  a  physical 
conception  of  the  magniture  expressed  by 

A  L  hyp  log  — 

a 

i 

and  the  reason  is  that  such  a  volume  does  not  actually  exist. 
The  proof  that  such  a  volume  cannot  exist  lies  in  the  fact  that 
in  certain  cases  the  total  volume  of  the  piece  is  not  sufficient  to 
supply  the  requirements  of  the  formula. 
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The  formula 

Vd  =  (A— a)  L 

has  been  used  for  the  purpose  under  discussion  for  nearly  forty 
years  by  various  authorities  in  connection  with  their  work  on 
the  design  of  roll  passes.  It  has  also  been  used  by  many  experi¬ 
menters  in  their  investigations  on  the  power  requirements  of 
rolling  mills.  No  doubt  these  authorities  made  use  of  this  for¬ 
mula  not  only  on  account  of  its  simplicity,  but  because  it  seems 
to  be  the  logical  one  to  use. 

Why  was  the  formula 

A 

Yd  =  A  L  hyp  log  — 

a 

ever  called  into  being?  The  only  justification  for  its  existence 
seems  to  be  that  it  has  aided  in  giving  a  rational  appearance  to 
impossible  values  resulting  from  experiments  conducted  along 
the  lines  of  the  so-called  “simpler”  methods,  or,  in  other  words, 
without  due  regard  to  all  the  facts  in  the  case. 

How  is  it  possible  that  the  formula 

A  L  hyp  log  — 

expresses  the  combined  A  and  L  changes  while  the  formula 
( A  —  a)  L  only  takes  care  of  the  A  changes?  The  changes  in 
A  and  L  can  absolutely  never  be  considered  separately,  and 
when  the  volume  is  known,  to  specify  a  value  for  A  is  to  de¬ 
termine  L  just  as  positively  as  though  a  value  for  it  were  also 
stated. 

Mr.  Coryell  states:  “Now  it  is  an  axiom  that  in  reducing 
a  piece  of  steel  from  one  area  to  a  smaller  area,  the  measure  of 
the  combined  A  and  L  changes  must  be  independent  of  how 
that  reduction  takes  place,  whether  it  is  done  in  one,  or  in  sev¬ 
eral,  passes.”  Euclid  defines  an  axiom  as  “a  self-evident  state¬ 
ment  admitted  to  be  true  without  proof.”  Therefore,  Mr.  Cory¬ 
ell’s  statement  cannot  be  considered  an  axiom  since  it  is  by  no 
means  self-evident,  and  since  it  has  not  been  admitted  to  be  true 
by  the  majority  of  competent  evidence. 

The  fact  that  a  different  amount  of  metal  is  displaced  by 
rolling  in  a  different  number  of  passes  is  plainly  shown  in  Fig. 
40,  the  volume  displaced  in  three  passes  being  over  eight  thousand 
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cubic  inches  of  metal  more  than  required  to  accomplish  the  same 
result  in  a  single  pass.  Of  course,  the  work  per  cubic  inch, 
which  varies  with  draft,  would  not  be  the  same  for  both  cases. 

Moreover,  let  it  be  affirmed  and  asserted,  at  this  point  in 
the  discussion,  that  we  are  interested  in  one  pass  at  a  time,  since 
we  have  a  complete  cycle  of  all  the  critical  events  in  the  duration 
of  one  pass.  In  two  successive  passes,  the  roll  diameter,  speed, 
width,  draft,  in  fact  all  the  conditions  may  have  changed  so 
that,  as  a  logical  premise,  there  must  be  accepted  the  condition 
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Fig.  40.  Displacements  in  Three-pass  Mill. 


of  one  pass  at  a  time.  Consider  the  operation  of  a  reversing 
mill,  although  of  course  the  logic  of  the  case  does  not  vary  for 
different  types  of  mills.  The  engine  starts  from  rest,  does  a 
certain  amount  of  work  in  displacing  metal  and  again  comes  to 
rest,  making  a  complete  cycle  of  events.  The  problem  then  con¬ 
sists  of  a  certain  displacement  of  metal,  perfectly  defined  by  the 
formula  ( A  —  a)  L,  accomplished  under  specified  conditions  by 
a  certain  amount  of  work,  which  we  have  shown  in  the  paper, 
how  to  arrive  at  accurately.  What  more  is  there  to  be  consider¬ 
ed?  How  are  we  helped  by  dragging  in  and  piling  up  in  a  heap 
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two  or  more  passes?  By  the  careful  consideration  of  all  the  fac¬ 
tors  involved  in  the  rolling  process  during  one  pass  we  have  been 
able  to  establish  the  law  of  variation  in  unit  work  with  varying 
roll  diameters  and  drafts,  and  it  may  also  be  possible  to  de¬ 
termine  by  this  method  the  effect  of  different  rolling  speed. 

Now  what  do  we  gain  in  the  study  of  this  problem  by  the 
introduction  of  the  hyperbolic  or  any  logarithm  into  the  formula 
tor  calculating  displacement?  We  gain  two  absurdities;  first, 
the  calculation  of  a  volume  displaced  in  one  pass,  under  certain 
conditions,  which  is  several  times  the  total  volume  of  the  piece; 
and  second,  the  calculation  of  a  final  length  which  is  not  the 
true  length.  The  first  absurdity  can  clearly  be  seen  in  several 
examples  by  observing  the  comparative  values  in  columns  10  and 
12  on  Table  No.  2.  The  figures  upon  which  this  table  is  based 
are  the  same  as  in  Mr.  Coryell’s  table.  This  comparison  should 
be  amply  sufficient  to  dispel  hyperbolic  log  illusions.  But  let 
us  also  consider  a  calculation  of  length  after  pass  from  the 
volume  of  displacement  as  calculated  from  the  formula 


Vd  =  A  L  hyp  log 


a 


Since,  increase  in  length  is 


Vd 


a 


Therefore,  final  length  must  be  L  + 


Vd 


a 


Final  length  must  also  be 


AL 


a 


Equating: 


L  + 


Vd  AL 


a 


and, 


L  + 


£  L  hyp  log  — 

a  AL 


a 


a 


Dividing  by  —  ^  we  have 


a 


—  +  hyp  log  —  «=  1 


a  a 

which  is  evidently  not  a  true  equation. 
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Therefore,  the  formula 

Yd  =  A  L  hyp  log  — 

a 

does  not  satisfy  the  requirement  of  length.  Needless  to  say,  it 
is  not  used  by  Mr.  Coryell  for  the  calculation  of  length,  but  for 
the  sake  of  consistency  it  should  be. 


Pss v  me  Piston  Moved  from  BE  to  CP 
Pcruay/y-'- 

Water  fi/sp/acerf  =  /PBPG  =  H  CDE  -  /8QO  M9 
By  /aq  Tfeary:- 

Water  Displaced  -  DB  xBEx  /ryp/o?  ££ 

°  /o  X  ZOO  X  fly p.  Joy  10 
'  =  Ab  20' /n  3 

Total  Vo/rme  EOOO  In* 

Fig.  41.  Displacement  Diagram. 

As  a  further  demonstration  of  the  lack  of  any  logical 
foundation  for  the  use  of  the  hyperbolic  log  in  any  problem  of 
displacement,  consider  Fig.  41,  which  is  supposed  to  represent 
a  box  of  square  section  filled  with  water  between  A  B  and  the 
diaphram  at  B  E ,  which  we  then  consider  as  being  moved  to  the 
line  C  D.  Although  it  is  clear  that  the  water  level  will  follow 
the  curve  of  the  hyperbola  as  the  diaphram  is  moved,  yet  it  is 
equally  clear  that  any  function  of  that  curve  has  nothing  what¬ 
ever  to  do  with  the  actual  displacement  of  water,  which  is  the 
volume  A  B  H  G  moved  to  the  position  II  C  D  E.  The  figures 
given  below  the  sketch  show  how  4620  cu.  in.  of  water  can  be 
made  out  of  2000  cu.  in.  available,  if  certain  methods  be  applied, 
the  cross-sectioned  portion  of  the  sketch  showing  graphically 
the  extent  of  the  miracle. 
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In  conclusion,  it  should  be  clear  that  there  is  no  need  of 
a  formula  for  calculating  displacements  other  than 

Yd  =  (A— a)  L, 

which  denotes  an  actual  volume  of  metal  moved  from 
one  position  to  another  during  a  pass  and  under  given  condi¬ 
tions.  It  should  be  equally  clear  that  the  formula 

Yd  ==  A  L  hyp  log  — 

a 

was  not  derived  by  a  logical  process  from  the  physical 
tacts  in  the  case,  and  that  therefore  its  application  cannot  pro¬ 
duce  rational  or  useful  results. 

Mr.  J.  A.  Knesche  :*  Until  a  few  years  ago,  the  data 
available  on  the  subject  of  power  required  for  rolling  steel 
was  surprisingly  small,  very  little  information  bearing  directly 
on  the  subject  could  be  found.  When  the  task  of  determining 
the  size  of  a  rolling  mill  engine  was  assigned  to  the  engineer, 
the  usual  information  available  to  him  was  that  company  “ A ” 
had  an  engine  of  such  and  such  a  size  with  which  so  many  tons 
were  produced.  This  was  probably  very  suggestive  of  what  the 
management  might  expect  from  the  mill,  but  was  not  very 
illuminating  as  exact  information,  especially  when  it  was  neces¬ 
sary  to  consider  the  question  of  a  new  design. 

In  1907  I  made  a  series  of  tests  on  four  rolling  mill  en¬ 
gines  driving  three-high  skelp  mills,  so  I  believe  I  can  fully  ap¬ 
preciate  the  value  of  the  paper  presented  by  Messrs.  Siebert  and 
Fitzgerald.  I  had  at  that  time  no  similar  tests  which  I  might 
have  taken  as  a  guide.  The  engines  tested  carried  on  their 
shafts  fly-wheels  weighing  from  60  000  to  65  000  lb.,  and  the  en¬ 
gine  speed  varied  as  a  maximum  from  59  to  74  r.  p.  m.  From 
these  facts  it  will  be  seen  that  the  accurate  speed  determination 
was  an  important  problem.  On  the  engine ,  coupling  I  placed 
two  insulated  contact  pieces  180  degrees  apart,  the  contact 
pieces,  when  revolving,  complete  a  suitable  electric  circuit 
through  two  brass  fingers  held  in  a  forward  position  by  springs. 
The  entire  contact  making  device  could  be  moved  in  a  forward 
or  backward  direction  for  close  adjustment  by  means  of  a  screw 

•Steam  Engineer,  Riverside  Works,  National  Tube  Company,  Wheeling, 
W.  Va. 
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fitted  with  a  hand-wheel.  The  current  flowing  in  the  completed 
circuit  operated  magnetically  the  pen  on  the  moving  carriage  of 
a  chronograph;  the  chronograph  used  was  purchased  of  William 
Gaertner  &  Co.  The  authors  of  the  paper  under  discussion 
seem  to  recommend  a  method  similar  in  a  manner  to  the  one 
which  I  used.  Just  here  I  wish  to  emphasize  the  fact  that 
while  in  the  case  of  a  blooming  mill  engine  two  or  three  con¬ 
tact  pieces  on  the  shaft  would  be  sufficient,  four,  six  or  eight 
would  be  better  in  the  case  of  a  mill  where  the  entering  billet 
is  relatively  short. 

In  my  tests  no  special  clock  was  used  for  recording  the 
time  as  the  rate  of  paper  feed  was  kept  constant  by  the  descend¬ 
ing  weight  of  the  chronograph,  which,  among  other  things,  was 
also  fitted  with  a  sensitive  governor.  The  exact  time  elapsing 
between  any  two  marks  on  the  chart  could  then  be  easily  fig¬ 
ured  out.  The  indicators  used  were  Drver,  Rosenkranz  and 
Droop  continuous,  closed  diagram  instruments,  one  for  each 
end  of  the  cylinder;  the  pencil  motions  of  the  indicators  were 
controlled  by  suitable  electro-magnets,  operated  from  a  central 
switchboard,  where  were  located  all  electric  controlling  devices. 

The  Hallwachs  steam  meter,  described  by  the  authors,  seems 
to  be  admirably  suited  for  determining  the  steam  consumption 
of  an  engine  during  rolling  mill  engine  tests.  At  the  works 
where  I  am  emploj'ed  I  have  under  my  supervision  a  number  of 
General  Electric  Steam  Flow  Meters.  With  a  greater  rate  of 
paper  feed  than  is  given  in  the  usual  construction,  I  believe 
this  meter  could  be  used  equally  well  in  determining  the  steam 
consumption  of  a  blooming  mill  engine  under  test.  On  a  sec¬ 
ondary  steam  line  leading  to  our  blooming  mill  we  have  a  Gen¬ 
eral  Electric  steam  meter  installed,  and  I  have  frequently  ob¬ 
served  that  the  recording  pen  of  the  meter  rises  almost  the 
instant  the  mill  starts  rolling. 

In  this  country  we  have  very  little  literature  availab! ' 
bearing  on  the  steam  consumption  of  blooming  mill  engines,  i’i 
fact,  on  rolling  mill  engines  in  general.  In  this  respect  the 
German  iron  and  steel  works  engineers  seem  to  have  done  much 
more  than  we  have  done.  Not  so  very  long  ago  a  commission 
of  German  iron  and  steel  works  engineers,  after  an  inspection 
of  American  steel  mills,  reported  among  much  detailed  data. 
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the  steam  consumption  of  a  non-condensing,  simple,  twin  bloom¬ 
ing  mill  reversing  engine  2850  lb.  of  steam  for  a  15.2  fold  elon¬ 
gation.  Having  bad  considerable  experience  with  data  of  this 
bind  I  was  impressed  at  once  with  the  fact  that  the  figure 
given  was  probably  much  higher  than  tests  wrould  show.  In 
that  report  several  other  figures  for  steam  consumption  for 
given  elongataions  and  per  ton  of  product  seemed  higher  than 
my  experience  and  study  had  taught  me.  In  talking  with  steel 
works  engineers  on  this  subject  I  have  often  noticed  the  lack 
of  definite  knowledge.  For  this  reason  I  believe  that  in  roil¬ 
ing  mill  tests,  wherever  at  all  possible,  definite  measurements 
of  steam  consumption  should  be  taken,  and  for  comparative  pur¬ 
poses  the  steam  consumption  should  be  expressed  in  pounds 
of  steam  per  elongation  per  ton  of  steel  rolled.  A  graphic 
picture  for  comparative  purposes  is  obtained  by  plotting  a 
curve  using  pounds  of  steam  per  ton  of  product  rolled  as  ordi¬ 
nates  and  elongations  as  abscissae.  This  point  is  also  emphasized 
in  the  paper  under  discussion. 

I  do  not  attach  much  practical  value  to  steam  consumptions 
as  taken  from  indicator  diagrams  alone,  because  cylinder  con¬ 
densation  can  be  only  very  roughly  approximated,  and  leakage 
past  valves  and  pistons  is  only  a  chance-guess;  this  latter  item 
may  be  anywhere  from  zero  to  the  equivalent  of  the  steam  shown 
by  the  indicator  card.  In  the  tests  which  I  made  no  steam  meter 
was  available.  I  worked  out  the  steam  consumptions  shown  by 
indicators,  but  from  a  practical  standpoint  I  do  not  attach  much 
value  to  the  figures  thus  obtained. 

The  authors  of  this  very  interesting  paper  have  given  de¬ 
scriptions  of  pyrometers  excellently  suited  for  the  needs  of 
this  work.  The  Holburn-Kurlbaum  Optical  Pyrometer  also  has 
been  used  extensively  for  work  of  this  kind;  it  is  a  German  in¬ 
strument,  where  the  glowing  filament  of  a  small  incandescent 
lamp  receiving  different  strengths  of  an  electric  current  is  com¬ 
pared  with  a  small  section  of  the  object  brought  into  focus.  In 
using  optical  pyrometers  for  the  determination  of  the  tempera¬ 
ture  of  the  heated  steel,  it  should  be  remembered  that  we  are 
taking  surface  temperatures.  It  would  seem  reasonable  to  as¬ 
sume  that  the  temperatures  of  points  under  the  surface  are 
higher  than  the  temperatures  of  points  on  the  surface  of  the 
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steel,  and  that  ihe  nearer  we  approach  the  center  the  higher  the 
temperatures  will  be.  This  would  then  make  the  average  tem¬ 
perature  somewhat  different  from  the  surface  temperature.  In 
comparing  the  work  of  two  blooming  mill  engines  this  difference 
between  average  and  surface  temperature  could  probably  be 
neglected.  If,  however,  a  “rolling  mill  unit  of  work"  or  a 
“roll-unit"  of  a  given  blooming  mill  were  compared  with  that 
of  a  given  skelp-mili.  for  instance,  or  with  a  mill  making  thin 
plate,  the  difference  in  average  temperatures  might  be  a  factor 
of  some  consequence.  By  “roll-unit"  I  mean  the  work  required 
and  expressed  in  foot-pounds  to  bring  about  a  reduction  in  cross- 
sectional  area  of  one  square  inch  for  a  length  of  one  foot,  or 
say  one-twelfth  of  a  foot,  one  cubic  inch,  for  instance. 

I  think  the  mill  efficiency  as  set  forth  by  Messers.  Siebert 
and  Fitzgerald  is  a  highly  interesting  quantity;  it  will  no  doubt 
show  considerable  variations  in  different  blooming  mills,  or  in 
the  same  mill  at  different  times,  or  with  different  operating 
personnels.  In  all  probability  it  will  be  considerably  lower  in 
reversing  mills  than  in  three-high  mills  operating  continuously 
in  one  direction.  I  consider  this  mill  efficiency  an  important 
item,  and  one  which  should  be  worked  out  for  all  mills  on  which 
detailed  tests  are  made. 

In  my  tests  previously  referred  to  T  worked  out  a  quantity 
for  each  pass  which  I  called  “Constant  C”  and  which  was 
the  foot-pounds  of  work  required  at  the  rolls  to  bring  about  a 
reduction  of  one  square  inch  for  a  length  of  one  foot.  Messrs. 
Seibert  and  Fitzgerald  cover  practically  the  same  ground  when 
they  advocate  working  out  foot-pounds  of  net  work  per 
cubic  inch  of  metal  displaced."  My  designation  “Con¬ 
stant  C"  probably  is  a  misnomer  in  that  it  has  given 
at  times  cause  for  misconception  of  the  term.  The  idea 
has  prevailed  that  because  the  term  was  called  “Constant 
C”  the  numerical  values  representing  these  constants  must  be 
the  same  under  all  conditions,  whereas  they  represent  the  work 
required  to  produce  certain  effects  under  identical  conditions 
only.  If  this  quantity,  which  I  will  call  here  “roll-unit,"  were 
known  from  a  great  many  tests,  determination  of  engine  sizes 
would  be  very  much  easier  than  at  present.  Since  the  tempera¬ 
ture  of  the  steel  rolled  is  the  main  influence  in  affecting  the 
power  requirement  accurate  curves  from  different  types  of  mills 
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where  the  roll- units  are  plotted  as  ordinates  and  the  temperatures 
as  abscissae,  would  enable  us  to  determine  in  advance  with  a 
great  degree  of  correctness  the  size  of  engine  needed  to  produce 
a  certain  tonnage  of  a  given  product.  Such  curves  available  for 
blooms,  skelp,  plates,  rails,  all  the  different  structural  shapes, 
etc.,  would  be  a  great  help  to  the  designer.  With  the  maximum 
or  the  severest  conditions  of  service  known,  the  large  factor  of 
safety  which  is  now  allowed  in  practically  all  cases  would  become 
very  small,  and  to  that  extent  the  determination  of  the  size  of 
engine  would  then  be  more  exact.  The  temperature  at  the  be¬ 
ginning  and  at  the  end  of  rolling  would  have  to  be  given. 

The  average  roll-unit  (foot-pounds  per  square  inch  reduc¬ 
tion  per  foot  length  of  piece)  in  five  blooming  mill  tests  by 
Puppe  when  rolling  at  temperatures  between  2204  and  2081  deg. 
Fahr.  was  17  000.  For  my  own  skelp  mill  tests  the  average 
roll  unit  for  five  tests  was  32  000.  Since  1  could  not  obtain  a 
suitable  pyrometer  for  my  work  a  very  important  element  was 
lacking.  Judging  temperatures  at  beginning  and  end  of  rolling 
by  colors  according  to  a  table  given  in  Kent’s  Handbook  I  de¬ 
cided  at  the  time  when  I  made  the  tests  that  the  temperatures 
were  between  2300  and  1300  deg.  Fahr. 

In  concluding  my  discussion  I  desire  to  congratulate  Messrs. 
Siebert  and  Fitzgerald  on  their  excellent  paper ;  its  presentation 
before  this  Society  should  stimulate  further  investigation  along 
the  same  lines.  It  is  to  be  hoped  that  they  may  find  opportunities 
to  make  extensive  tests  in  the  large  and  up-to-date  departments 
under  their  supervision,  and  that  they  will  find  it  possible  at 
some  time  to  present  to  the  profession  numerical  and  graphical 
data  bearing  on  the  rolling  of  some  of  the  many  shapes  manu¬ 
factured  in  the  plants  of  their  company. 

The  Authors:  Mr.  Knesche  mentions  the  applicability  of 
the  General  Electric  Meter  for  the  measurement  of  steam  con¬ 
sumption  on  blooming  mill  tests.  On  the  blooming  mills  tested 
by  the  authors,  there  is  no  doubt  that  this  meter  would  have 
proven  unsatisfactory  on  account  of  the  inertia  and  friction  of 
its  moving  parts. 

Steam  consumption  may  be  calculated  with  considerable  ac¬ 
curacy  from  the  indicator  cards,  the  cases  checked  with  the 
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steam  meter  showing  that  a  very  reliable  addition  may  be  made 
tor  the  various  losses,  amounting  to  about  HO  percent  for  the 
types  of  engines  under  discussion. 

The  unit  of  work  for  various  mills  cannot  be  directly  com¬ 
pared  without  stating  several  conditions.  In  addition  to  tem¬ 
perature,  we  must  specify  roll  diameter,  draft  and  shape  of  pass. 
For  this  reason  the  figures  from  Puppe’s  blooming  mill  may  not 
be  directly  compared  to  these  from  Mr.  Knesche’s  skelp  mill. 


Mr.  Wilfred  Sykes:*  1  have  read  Messrs.  Siebert  &  Fitz¬ 
gerald’s  paper  with  great  interest,  as  I  have  spent  a  great  deal 
of  time  during  the  past  few  years  working  along  the  same  lines. 

The  desirability  of  proper  knowledge  of  the  power  require- 
ments  for  any  particular  mill  is  evident  to  anyone  who  has  ever 
had  to  design  the  driving  equipment.  The  engine  builders 
have  arrived  at  general  conclusions  as  to  the  size  of  machine 
required  for  different  types  and  sizes  of  mills,  and,  although  the 
most  economical  design  has  not  always  been  obtained,  yet,  as 
a  rule,  the  mills  are  driven  in  a  satisfactory  manner.  When 
driving  a  mill  electrically,  the  size  of  the  engine  to  be  used  for 
similar  steam-driven  mill  is  of  very  little  assistance  in  determin¬ 
ing  the  size  of  motor  required,  consequently  the  most  complete 
investigations  of  power  requirements  have  been  made  by  engi¬ 
neers  interested  in  electric  drive.  It  is  to  be  regretted  that 
the  mass  of  test  results  which  has  been  accumulated  by  the 
manufacturing  companies  is  not  available  to  the  engineering 
profession  generally.  The  results  that  have  been  published 
represent  only  a  small  part  of  the  work  that  has  been  done, 
and  in  most  cases  do  not  tell  the  whole  story.  The  cost  of  making 
tests  on  rolling  mills  is  very  great  in  view  of  the  special  ap 
paratus  and  the  time  required,  and,  consequently,  manufactur¬ 
ers  have  been  reluctant  to  publish  data  obtained  at  such  great 
expense,  the  information  being  looked  upon,  more  or  less,  as 
being  a  trade  secret.  I  do  not  believe  that  this  condition  will 
last  very  much  longer,  and  I  am  sure  that  within  the  next  few 
years  a  number  of  valuable  papers  will  be  published,  giving  test 
results  on  various  types  of  mills. 

Four  years  ago  I  undertook  to  make  tests  on  a  number  of 
electrically  driven  rolling  mills  for  the  purpose  of  securing  such 
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data  that  motor  equipments  could  be  designed  for  future  in¬ 
stallations  with  a  certain  amount  of  assurance  that  the  charac¬ 
teristics  would  be  approximately  correct.  Previous  to  this  the 
electrical  manufacturers  quoted  on  motors  of  such  size  as  were 
specified  by  the  steel  mill  engineers,  and  sometimes  the  motor 
was  small  and  sometimes  large,  occasionally  the  right  size  being 
obtained.  The  motor  is,  however,  only  one  part  of  the  driving 
equipment.  Equally  important  are  the  fly-wheel  and  control 
apparatus.  It  is,  therefore,  necessary  to  make  investigations 
not  only  of  the  actual  power  requirements,  but  also  of  the 
rolling  conditions.  At  that  time  there  was  not  very  much  in¬ 
formation  available  as  to  how  to  go  about  such  tests,  and  I  am 
sure  that  if  we  had  such  a  clear  and  valuable  paper  to  refer 
to  as  the  one  under  discussion  we  would  have  saved  a  great 
deal  of  time.  The  problem,  discussed  in  this  paper,  of  testing  a 
steam-driven  mill,  is  altogether  different  from  that  of  testing  an 
electrically-driven  mill,  and,  although  in  general  an  electrically- 
driven  mill  is  easier  to  test,  there  are  a  number  of  problems 
that  are  perhaps  more  difficult  to  solve  than  those  involved  when 
testing  steam-driven  mills.  The  steam  indicator  gives  an  approx¬ 
imately  accurate  record  with  little  danger  of  serious  inaccuracies 
occurring  unless  carelessly  handled.  With  electrical  measure¬ 
ments  there  is  great  danger  of  serious  error  being  introduced, 
due  to  the  tendency  of  fast  operating  instruments  to  seriously 
overshoot.  Due  to  the  rapid  fluctuations  of  the  load,  this  over¬ 
shooting  cannot  be  readily  detected,  and  one  of  the  great  dif¬ 
ficulties  in  making  such  tests  is  to  have  the  instrument  ad¬ 
justed  to  avoid  this  characteristic.  On  the  other  hand,  the  fact 
that  all  of  the  measuring  instruments  can  be  located  on  the 
one  board  simplifies  the  test  and  reduces  the  number  of  men 
required,  but  even  with  the  simplest  test  on  the  electrically- 
driven  mill  at  least  four  or  five  men  are  necessary. 

It  is  interesting  to  note  that  satisfactory  results  were  ob¬ 
tained  with  a  radiation  pyrometer.  My  experience  has  been 
that  such  instruments  are  too  slow  to  take  the  temperature 
under  mill  operating  conditions,  and  I  have  had  the  most  sat¬ 
isfactory  results  with  a  pyrometer  of  the  Wanner  type.  The 
radiation  pyrometer  appears  to  be  more  desirable,  as  it  elimi¬ 
nates  the  personal  factor.  This  advantage  over  the  optical 
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pyrometers  is  more  apparent  than  real,  as  1  found  that  greater 
errors  may  be  caused  by  other  factors.  An  ideal  pyrometer  is 
yet  to  be  found,  as  all  the  instruments  that  1  am  acquainted 
with  have  serious  defects  for  such  testing  work,  although  very 
accurate  results  can  be  obtained  under  laboratory  conditions. 

There  has  been  some  discussion  as  to  the  unit  to  be  used 
as  a  basis  for  expressing  test  results.  1  agree  with  Messrs.  Sie- 
bert  &  Fitzgerald  that  the  power  required  per  cubic  inch  dis¬ 
placement  is  the  simplest  and  most  satisfactory  unit,  the  dis¬ 
placement  being  obtained  as  indicated  in  the  paper.  It  seems  to 
me  that  this  is  the  only  logical  unit,  and  that  the  other  methods 
that  have  been  suggested  do  not  take  into  consideration  the 
conditions  under  which  the  metal  is  rolled.  1  agree  with  the 
authors  of  this  paper  that  there  are  many  subjects  which  should 
be  investigated,  and  one  that  I  am  sure  should  be  emphasized 
is  the  strength  of  steel  at  high  temperatures.  The  information 
available  on  this  subject  is  decidedly  limited,  and  the  value  of 
most  of  what  has  been  published  is  questionable. 

Reference  has  been  made  to  the  method  of  determining 
the  drafts.  It  would  appear  to  me  that  some  method  of  directly 
measuring  the  dimensions  of  the  hot  metal  is  preferable  to  de¬ 
pending  upon  the  indication  of  the  screwdown.  There  is  al¬ 
ways  a  certain  amount  of  “give’’  in  a  mill,  and  a  small  error 
in  measuring  the  draft  will  seriously  affect  the  accuracy  of  the 
results.  To  determine  accurately  the  reduction  in  area  should 
be  comparatively  simple  with  blooming  mills.  In  the  case  of 
merchant  mills  or  rail  mills  the  roll  drawings  do  not  always  give 
an  accurate  record  of  the  size  of  the  metal  after  the  pass,  and 
errors  may  be  introduced  of  such  magnitude  that  the  results 
are  useless.  In  my  opinion  the  only  satisfactory  way  of  handling 
such  mills  is  to  make  a  dummy  pass,  and  calculate  the  area  of 
the  metal  itself.  Usually  this  will  be  found  to  be  appreciably 
greater  than  the  theoretical  area,  as  shown  by  the  roll  drawings, 
providing  the  rolls  are  set  as  they  are  supposed  to  be.  These 
remarks  apply  to  the  earlier  passes,  the  finishing  passes,  of 
course,  must  follow  more  closely  with  the  drawings. 

I  do  not  believe  that  the  authors  of  this  paper  have  laid 
sufficient  stress  upon  the  work  that  is  required  after  the  tests 
have  been  made.  In  testing  a  reversing  universal  plate  mill  I 
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made  approximately  80  complete  tests,  each  test  having  approxi¬ 
mately  500  items,  which  had  to  be  taken  from  the  curves  and 
computed,  so  that  in  working  up  the  results  of  these  tests  ap¬ 
proximately  40  000  separate  measurements  and  calculations  had 
to  be  made.  With  such  work  it  is  not  advisable  to  depend  upon 
one  man  to  obtain  accurate  results  so  that  all  these  calculations 
were  checked  independently.  A  task  of  this  magnitude  is  not  to 
be  undertaken  lightly,  and  I  believe  that  it  should  be  appre¬ 
ciated  before  attempting  such  investigations. 

After  I  found  the  immense  amount  of  work  involved  in 
getting  the  tests  into  useful  condition  I  carefully  systematized 
the  work,  so  that  we  reduced  the  time  required  to  a  minimum. 
In  this  way  I  found  it  possible  to  calculate  the  results  of  tests  on 
the  reversing  mill,  with  approximately  500  different  items,  which 
we  figured  in  from  two  to  three  days,  approximately  the  same 
time  being  required  to  check  the  results. 

Mention  has  been  made  of  steam  consumption.  Many  ex¬ 
travagant  claims  have  been  made  regarding  the  wonderful  econ¬ 
omy  of  this  or  that  engine,  and  from  time  to  time  articles  ap¬ 
pear  in  the  technical  press  claiming  results  that  are  not  in  ac¬ 
cordance  with  general  practice.  It  seems  to  me  to  be  foolish 
to  place  any  dependence  upon  the  figures  of  steam  consump¬ 
tion  per  I.  H.  P.  hour  for  reversing  mill  engines,  and  that  the 
sensible  way  to  compare  results  is  to  take  the  pounds  of  steam 
per  ton  of  steel  elongated  a  certain  amount.  The  difference  in 
the  rolling  practice,  or  in  the  quality  of  steel  will,  as  a  rule, 
have  comparatively  little  effect  upon  the  steam  consumption, 
and,  in  any  case,  a  simple  statement  as  to  the  material  rolled 
and  the  number  of  passes,  is  sufficient  to  give  a  proper  check. 
After  all,  it  is  the  amount  of  steam  required  per  ton  of  steel 
rolled  that  we  are  interested  in,  and  not  in  hypothetical  calcu¬ 
lations  as  to  what  the  steam  may  be  per  indicated  horsepower. 
It  is  not  easy  to  check  the  steam  consumption  per  horsepower 
hour  with  such  an  engine,  but  there  is  not  much  difficulty  in 
determining  the  amount  of  steam  per  ton  of  steel  rolled  over  a 
day’s  run,  and  it  has  been  my  experience  in  analyzing  tests  that 
where  low  steam  consumptions  are  claimed  per  horsepower 
hour  that  the  steam  per  ton  rolled  does  not  materially  differ 
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from  other  tests  that  have  been  made,  the  results  of  which  are 

well  known. 

The  Authors:  Mr.  Sykes  states  that  when  a  mill  is  to  be 
driven  electrically  the  size  of  engine  to  be  used  for  a  similar 
steam-driven  mill  is  of  very  little  assistance  in  determining  the 
size  of  motor  required.  This  should  not  be  the  case,  since  the 
magnitude  of  the  mill  load  curve  depends  but  very  little  on 
the  character  of  the  prime  mover,  but  is  a  measure  of  the  re¬ 
quirements  of  the  mill,  and  as  such  should  be  equally  useful  for 
the  design  of  an  engine  or  a  motor  drive. 

The  Fery  pyrometer,  when  used  in  connection  with  a  sus¬ 
pension  type  galvanometer,  is  not  slow  in  indicating,  as  lias  been 
stated.  This  galvanometer,  for  a  range  of  1300  deg.  Cent,  re¬ 
quires  a  current  pressure  of  only  4^  milli-volts  as  compared 
with  18^4  milli  volts  on  other  types.  This  fact  may  account  for 
the  reputed  slowness  of  the  other  instrument.  We  have  found 
that  the  Fer}r  indicates  a  maximum  in  the  time  which  the  piece 
usully  lies  on  the  table  between  passes. 

The  method  of  measuring  the  section  directly  to  obtain  the 
drafts  is  the  best  method  on  small  mills,  but  is  impracticable  on 
large  mills.  The  drafts  observed  by  use  of  the  rollers  gauge  on 
a  two-high  reversing  mill  could  not  be  improved  on  by  carefully 
measuring  scraped  samples,  since  the  variations  in  the  corre¬ 
sponding  passes  in  successive  ingots  is  greater  than  the  increased 
accuracy  obtained  in  that  manner. 

If  the  authors  have  not  laid  enough  stress  on  the  amount 
of  labor  involved  in  working  up  the  tests,  it  is  not  because  they 
do  not  have  a  full  realization  of  it.  In  evaluating  the  results 
of  an  engine  test,  the  longest  and  most  tedious  part  of  the  task 
is  the  measurement  of  the  indicator  cards,  with  which  Mr.  Sykes 
did  not  have  to  deal  in  his  motor  tests.  We  also  have  so  sys¬ 
tematized  the  method  of  computing  results  that  the  work  can  be 
done  in  a  reasonable  length  of  time. 

Mr.  Sykes  has  condemned  rather  hastily  the  figure  of  steam 
consumption  per  I.  H.  P.  hour  for  reversing  mills,  but  possibly, 
being  primarily  interested  in  matters  electrical,  he  does  not 
realize  the  importance  of  it.  Steam  per  I.  H.  P.  hour  is  a  direct 
measure  of  the  economy  of  an  engine,  and  only  by  its  use  have 
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we  a  measure  of  the  comparative  performances  of  engines,  elimi¬ 
nating  all  factors  but  the  construction  and  operation  of  the  en¬ 
gine  alone.  In  many  calculations  we  cannot  replace  this  by  steam 
per  ton  or  any  other  similar  figure.  The  quantities  involved 
may  be  measured  with  sufficient  accuracy,  steam  from  the  meter 
and  work  from  the  indicator  cards,  so  there  is  no  good  reason 
for  doubting  the  reliability  of  the  result. 

Mr.  Karl  Nibecker*  :  I  have  been  very  much  interested 
in  Messrs.  Siebert’s  and  Fitzgerald’s  most  careful  and  valuable 
paper  which  lias  so  thoroughly  taken  up  the  very  vital  subject 
of  rolling  mill  power.  I  quite  agree  with  Mr.  Sheperdson  iu 
that  much  valuable  information  might  be  collected,  and  a  large 
amount  of  valuable  data  and  help  procured  for  the  art,  if  a 
committee  could  be  appointed  to  investigate  and  report  upon  the 
work  which  has  been  done  in  this  line.  I  feel  that  the  sug¬ 
gestions  of  Messrs.  Gasche  and  Sheperdson  concerning  the 
adoption  of  a  standard  unit  for  measuring  the  power  required 
to  roll  steel,  would  be  of  the  utmost  value  to  all  rolling  mill 
engineers.  If  a  suitable  unit  can  be  devised,  it  should  prove 
of  much  help  in  studying  the  various  rolling  power  problems 
as  they  arise. 

I  regret  that  I  am  unable  to  discuss  this  most  careful 
paper  upon  the  blooming  mill  test,  as  I  do  not  have  at  hand  any 
information  which  covers  the  range  of  factors  which  are  covered 
by  this  paper. 

For  some  little  time  I  have  been  using  in  engine  tests  an 
instrument  for  determining  the  average  amount  of  power  de¬ 
veloped  by  an  engine  over  any  given  time.  This  instrument 
is  convenient  and  seems  to  be  quite  an  accurate  means  of 
quickly  determining  the  average  power  required  in  rolling  steel. 
The  Boettcher  power  counter  is,  in  fact,  an  attachment  to  the 
usual  steam  engine  indicator  which  is  applied  to  the  cylinder 
and  connected  to  the  cross-head  in  the  ordinary  manner.  Its 
principle  is  that  of  a  planimeter  continuously  measuring  the 
areas  of  the  cards  drawn  by  the  indicator.  Imagine  the  con¬ 
struction  of  the  familiar  indicator  changed  so  that  the  pencil, 
instead  of  operating  on  the  vertical  surface  of  the  drum,  should 

•Steam  Engineer,  Youngstown  Sheet  &  Tube  Co.,  Youngstown,  Ohio. 
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draw  the  card  on  the  top  surface.  If  then  the  pencil  of  this 
indicator  is  replaced  by  a  suitably  constructed  counter  with  the 
roller-wheel  resting  on  the  top  of  the  drum,  the  wheel  will  fol¬ 
low  the  path  of  the  card,  and  the  counter  will  show  a  reading 
proportional  to  the  area  traversed  by  the  usual  pencil,  or  if 
more  than  one  revolution  is  performed,  to  the  total  area.  Th" 
average  M.  E.  P.  can  then  be  obtained  from  the  following 
formula : 

K  X  Reading  X  spring  scale 
Length  of  card  X  r.  p.  m.  X  time  of  reading. 

In  order  to  calculate  the  I.  II.  P.  the  formula  for  M.  E.  P. 
is  substituted  in  the  usual  H.  P.  formula  thus : 


L  a 

X 

KRS 

33000 

C  n  t 

L  a 

X 

KRS 

33000 

C  t 

It  will  thus  be  seen  that  the  r.  p.  in.  is  eliminated  from  the 
formula  and  that  the  total  time  which  the  counter  is  working 
need  only  be  used  in  order  to  determine  the  average  horse 
power. 

The  use  of  the  Bottcher  power  counter  in  rolling  mill  test¬ 
ing  work  is  limited.  As  no  record  is  made  of  the  individual 
M.  E.  P.  or  shape  of  each  card,  it  is  impossible  to  make  an  esti¬ 
mate  of  the  steam  consumption  or  to  discuss  the  character 
of  the  load  or  its  distribution  during  various  strokes  or  passes. 
In  the  present  form  of  the  counter  there  is  no  magnetic  device 
to  operate  the  instrument,  and  the  consequent  error  would  be 
large  on  short  runs.  The  instrument  will  not  give  correct 
horse  power  for  engines  with  large  variations  in  speeds,  as  on 
reversing  mill  engines.  It  will  however,  give  a  true  value  of 
the  mean  M.  E.  P.  for  each  pass,  and  an  approximation  of  the 
average  horse  power,  if  the  form  of  the  speed  curve  is  known. 
Its  greatest  use,  however,  will  be  in  determining  the  horse 
power  developed  by  continuous  mills  for  the  different  sizes  rolled, 
and  in  engines  which  run  with  variable  loads  and  single  cards 
would  not  be  representative  of  the  actual  work  delivered. 

This  instrument  we  have  found  to  be  a  great  time  and 
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labor  saver  as  we  are  enabled  to  quickly  determine  the  average 
power  in  any  continuous  running  mill.  For  reasonable  speed 
variations,  we  have  found  the  error  of  the  counter  to  be  very 
small  and  well  within  the  practical  limits  of  mill  observations. 
A  reading  taken  on  an  engine  can  be  calculated  in  a  very  few 
moments  and  the  average  power  thus  determined  accurately.  A 
large  amount  of  work  and  time  consumed  in  calculating  the 
continuous  indicator  cards  is  thus  eliminated,  and,  as  stated 
above,  we  have  found  the  values  determined  by  both  methods  to 
check  well  within  reasonable  limits. 

The  various  speakers  this  evening  have  referred  to  several 
types  of  continuous  indicators.  The  Trill  Indicator  Company 
are  now  manufacturing  a  new  type  open  diagram  indicator, 
which  we  have  found  most  satisfactory,  as  a  very  long  card  can 
be  obtained  without  change  of  paper  roll.  In  addition  to  the 
usual  indicator  mechanism,  this  instrument  is  supplied  with 
four  magnets,  one  of  which  is  used  for  starting  and  stopping 
the  paper  feed,  one  for  placing  the  pencil  in  contact  with  the 
paper  and  releasing  the  same.  By  means  of  these  magnets  it  is 
possible  to  start  all  indicators  simultaneously  both  as  to  paper 
feed  and  pencil  operations.  These  features  we  have  found  to  be 
of  much  value  in  mill  testing. 

The  other  two  magnets  may  be  utilized  to  record  any  ob¬ 
servations  during  the  tests.  By  marking  the  dead  centers 
on  each  card  with  one  magnet  and  attaching  the  other  magnet 
to  the  seconds  clock  or  mill  events,  it  is  possible  to  eliminate 
the  special  time  recorder,  when  a  Hallwachs  steam  flow  meter 
equipped  with  Siemens  Halske  arc  recorder  equipped  with  re¬ 
cording  magnets  is  used.  This  instrument  has  been  referred 
to  in  the  paper.  By  these  means  we  are  enabled  to  record  the 
important  events  during  the  rolling  operation.  It  will  probably 
not  be  as  convenient  an  arrangement  of  data  as  described  by 
the  authors,  but  the  apparatus  is  much  simpler  and  will  require 
fewer  instruments. 

The  double  Trill  Indicator  as  described  by  Mr.  Sheperdson 
is  a  most  complete  instrument  and  gives  a  large  amount  of  in¬ 
formation  in  a  very  convenient  form,  but  we  have  found  is  very 
difficult  to  operate  successfully,  and  we  have  had  much  better 
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success  using  two  of  the  new  type  open  indicators  as  referred  to 
above. 

I  do  not  wish  to  appear  to  in  any  way  criticise  the  paper 
as  it  is  most  valuable  and  accurate,  but  offer  the  above  sug¬ 
gestions  as  a  possible  means  of  simplifying  the  work  and  at  the 
same  time  obtaining  the  necessary  data  for  determining  the 
mill  conditions. 

The  Authors:  The  Boettcher  power  counter  as  described 
by  Mr.  Nibecker  is  a  very  interesting  instrument,  and  altho 
it  could  not  be  used  for  an  accurate  determination  of  the  power 
required  to  roll  steel,  yet  it  should  be  found  quite  useful  in 
arriving  at  average  results  of  power  and  work,  and  also  of  steam 
consumption  per  I.  H.  P.  hour  when  used  in  conjunction  with  a 
steam  meter.  The  latter  result  could  be  calculated  as  described 
in  our  paper  under  the  subject  of  steam  consumption. 

This  instrument  cannot  be  considered  as  a  substitute  for 
indicator  cards  and  accurate  speed  determinations,  since  our 
most  valuable  results  are  the  maximum  figures  for  power  and 
torque. 

The  method  of  recording  events  on  the  indicator  paper  by 
means  of  magnets  could  be  made  fairly  accurate  on  engine  run¬ 
ning  continuously  in  one  direction,  but  would  be  useless  on 
reversing  engines  as  the  time  indications  would  tend  to  pile 
up  near  reversal  points  where  the  speed  of  the  indicator  paper 
is  very  slow. 

Prof.  W.  Trinks*  :  Referring  to  the  steam  consumption 
curves,  Fig.  27,  I  wish  to  remark  that  they  are  somewhat  mis¬ 
leading  and  let  the  reversing  engine  appear  as  a  veritable  steam 
eater. 

The  curve  D  represents  good  practice  on  compound  Corliss 
engines  and  three  high  mills.  The  other  three  curves  show  poor 
practice  on  two  high  mills.  Curve  A  should  never  have  been 
shown.  It  was  taken  from  an  engine  which  was  not  intended 
for  non-condensing  operation  and  which  must  naturally  show  a 
high  steam  consumption.  Besides,  the  high  and  low  pressure 
throttle  in  that  particular  engine  move  together  making  steam 
economy  at  medium  loads  impossible. 

•Professor  of  Mechanical  Engineering,  Carnegie  Institute  of  Technology, 
Pittsburgh,  Pa. 
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In  Stahl  &  Eisen  many  tests  of  Kresselarts  and  Ehrhart 
of  Sehtner  engines  are  given,  showing  curves  for  two  high  mills 
practically  coinciding  with  curve  Z>  given  by  Mr.  Siebert  for 
3-high  mills.  In  this  country  the  Mesta  Machine  Company 
builds  engines  similar  in  valve  gearing  to  the  just  mentioned 
German  engines.  It  is  very  unfortunate  that  test  data  on  the 
American  engines  are  not  yet  available,  but  they  are  expected 
to  be  available  in  less  than  two  weeks. 

The  Authors  :  In  reply  to  Prof.  Trinks,  we  will  state  that 
the  steam  consumption  curves  shown  in  Fig.  27  are  in  no  sense 
misleading,  and  depict  those  reversing  engines,  on  which  we  have 
made  tests,  in  their  true  light.  The  curves  A,  B ,  and  C  are 
quite  representative  of  the  economy  of  this  type  of  engine 
in  operation  in  this  country.  As  to  what  steam  economy  may  be 
expected  by  running  condensing,  the  particular  engine  referred 
to  is  shown  by  curve  B,  which  lies  quite  a  little  above  curve  Z>. 
Whether  the  relatively  high  steam  consumption  is  due  entirely 
to  the  portion  of  the  valve  gearing  which  is  referred  to,  re¬ 
mains  to  be  proved.  It  is  not  the  medium  load  alone  that 
causes  waste  of  steam,  but  a  number  of  other  conditions  that, 
singly  or  in  combination,  predominate  in  the  various  types  of 
reversing  engines  and  mills.  These,  however,  need  not  be  men¬ 
tioned  here. 

A  factor  of  considerable  importance  in  reversing  engines 
and  mills,  the  moment  of  inertia,  was  probably  overlooked  by 
Prof.  Trinks  when  he  pointed  out  that  the  steam  economy  of  a 
good  reversing  engine  should  coincide  with  the  curve  D.  in 
another  part  of  this  discussion  the  influence  of  the  inertia 
factor  on  economy  of  this  type  of  engine  is  discussed  in  detail. 
Bearing  this  factor  in  mind,  it  must  be  clear  that  the  rever¬ 
sing  engine  cannot  compete  with  the  economy  of  a  Corliss  engine 
driving  a  three-high  mill,  because  the  acceleration  loss  or  its 
equivalent  will  be  ever  present  in  the  former  type  of  machine. 

In  regard  to  the  steam  economy  of  reversing  engines  in 
operation  in  Germany,  it  should  be  noted  by  way  of  compari¬ 
son  that  all  modern  steel  works  there  use  superheated  steam  in 
their  engines,  the  cylinders  of  which,  as  a  rule,  are  steam  jack¬ 
eted.  Furthermore,  the  rotating  and  reciprocating  masses  are 
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made  very  much  lighter.  All  these  factors,  of  course,  contribute 
towards  better  steam  economy. 

As  regards  data  on  steam  consumption  for  this  class  of 
engines  published  in  hand-books,  the  authors  wish  to  state  it 
must  often  be  taken  with  a  grain  of  salt.  In  some  tests  which 
were  recently  published  it  was  stated  that  the  steam  per  I.  H. 
P.  hour  was  based  on  “representative”  high,  low,  and  medium 
sized  indicator  cards.  In  the  case  of  reversing  engines  at  least, 
that  which  is  termed  “representative”  may  be  made  rather 
elastic  by  different  interpreters.  For  the  type  of  engines  under 
discussion  such  terms  can  be  misleading  unless  all  influencing 
conditions  are  fully  specified. 


DESIGN  OF  MINE  SHAFT  FININGS 


J 


By  William  Archie  Weldin* 


As  indicated  in  the  title,  this  paper  will  be  confined  to 
consideration  of  design  only.  The  subject  of  shaft  sinking  will 
not  be  included  as  it  has  been  fully  treated  by  those  more  ex¬ 
perienced  in  this  phase  of  mine  practice  than  the  writer;  by 
Mr.  F.  R.  Dravo  before  this  Society  in  190bt  and  by  others  at 
various  times  in  the  periodical  press.  Insofar  as  geological  con¬ 
ditions  govern,  they  will  be  understood  to  be  those  of  the  bitu¬ 
minous  coal  region  of  this  country,  although  my  remarks  will 
in  the  main  apply  to  shafts  generally. 

The  primary  function  of  a  shaft  lining  is,  of  course,  to 
keep  the  excavation  open,  supporting  the  sides,  and  resisting 
any  tendency  to  collapse.  Tn  the  case  of  hoisting  shafts,  it  is 
also  required  to  safely  guide  and  support  the  cages,  stairways, 
pipes,  etc.  Partitions  between  hoisting  and  ventilating  com¬ 
partments,  when  required,  are  also  a  proper  part  of  the  lining. 
In  certain  cases  the  lining  is  required  to  exclude  water. 

Most  writers  on  this  subject,  in  stating  premises  on  which 
to  base  a  rational  design,  assume  that  there  is  always  a  definite 
and  considerable  pressure  tending  to  collapse  the  lining.  This 
pressure  is  arbitrarily  assumed  to  be  due  to  a  certain  liquid 
static  head.  In  the  absence  of  any  test  data,  this  reasoning 
seems  logical  enough,  but  with  no  reliable  guide  by  which  to 
fix  the  head  which  the  designer  is  to  use,  it  is  little  more  useful 
than  the  rule  to  simply  proportion  by  experience.  In  their 
anxiety  to  be  on  the  safe  side,  some  advocate  making  the  lining 
capable  of  resisting  a  static  head  equal  to  the  full  depth  of  the 

♦Asst.  Chief  Engineer,  Pittsburgh-BufTalo  Company,  Frick  Building, 
Pittsburgh. 

fProceedings  Engineers’  Society  of  Western  Pennsylvania  1905,  v.  21, 
p.  319. 

« 

Presented  before  the  Structural  Section  November  1.  and  published  in 
the  December,  1913,  Proceedings. 
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shaft;  giving  for  a  reason  to  quote  from  two  recent  articles: 
“The  concrete  lining  should  exclude  the  water  entirely,  and 
hence  must  be  designed  to  bear  very  great  pressure  at  con¬ 
siderable  depth” — and — “The  concrete  should  keep  out  the 
water  completely,  because  weep  holes  are  not  desirable.” 

This  requirement  would  result  in  linings  of  great  thickness, 
heavily  reinforced,  and  would  require  quite  unusual  expense  in 
constructing  shafts.  In  fact  shafts  so  proportioned  would 
seem  quite  unreasonable  to  one  experienced  in  such  works.  It 
may  be  thought  that  all  shafts  should  exclude  the  water  so  as 
to  reduce  the  cost  of  pumping.  Even  this  consideration  would 
call  for  a  head  extending  only  to  the  first  impervious  stratum, 
reduced  by  the  hydraulic  gradient  of  the  material  penetrated. 
Usually,  the  surface  water  is  the  only  inflow  of  any  consequence 
encountered,  and  it  is  often  no  more  than  the  requirements  of 
fire  protection,  sprinkling,  etc.,  demand.  However,  if  it  i3 
desired  to  seal  off  this  water,  this  can  be  done  at  the  first  clay 
seam,  usually  near  the  surface,  the  lining  being  reduced  to 
the  minimum  thickness  below  this  point,  and  water  rings  and 
drains  provided  as  described  hereinafter.  The  fact  is  that 
sinking  is  usually  carried  on  for  a  considerable  depth  in  ad¬ 
vance  of  the  lining,  the  walls  requiring  no  support  during  the 
time  required  to  sink  that  distance,  and  experience  has  shown 
that  a  mere  veneer  to  prevent  weathering,  is  all  that  is  neces¬ 
sary  in  most  cases.  In  all  cases  drill  holes  should  be  put  down, 
and  the  records  of  neighboring  shafts  examined,  and  when 
quicksand  or  other  unstable  material  is  indicated,  the  lining 
should  be  proportioned  to  suit,  according  to  the  best  judgment 
of  the  designer. 

Until  within  the  last  ten  years,  our  shafts  were  always 
lined  with  timber.  In  the  course  of  many  years  experience  with 
this  material,  designs  practically  identical  in  all  essential  feat¬ 
ures  have  been  almost  universally  adopted.  These  designs  are 
eminently  satisfactory,  representing  as  they  do  the  accumu¬ 
lated  experience  of  many  men.  However,  the  risk  of  fire,  un¬ 
satisfactory  life,  increasing  cost,  and  decreasing  quality  of  com¬ 
mercial  timber  have  brought  about  the  substitution  of  concrete 
and  other  materials,  which  require  different  treatment,  and 
open  up  afresh  the  entire  problem  of  design. 
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A  typical  design  for  timber  lining  is  shown  in  Fig.  1.  Tt 
is  evident  that  except  for  water  tightness,  which  is  ordinarily 
not  required,  this  lining  is  admirably  adapted  to  fulfil  the 
functions  enumerated  above.  We  see  that  the  parts  are  notched 
together,  the  notches  being  cleverly  contrived  to  transmit  all 
the  stresses  at  the  joints  without  the  use  of  bolts,  pins,  or  other 
connecting  devices.  The  pieces  are  framed  on  the  surface  and 
simply  laid  in  place.  The  only  change  required  when  soft 
material  is  encountered  in  sinking,  is  to  shorten  the  posts,  thus 
bringing  the  collars  closer  until  in  extreme  cases,  they  are  laid 
“skin  to  skin”.  The  cross  buntons,  essential  members  of  the 
structure  proper,  are  so  placed  as  to  carry  the  guides,  stairs 
and  partitions  directly.  Fabrication  is  done  by  ordinary  car¬ 
penters  on  the  spot,  and  no  forms  or  elaborate  construction 


plant  is  needed.  The  rods  shown  are  not  always  used,  par¬ 
ticularly  in  this  region.  They  are  an  erection  expedient  used 
where  the  excavation  does  not  stand  well.  They  do  not  form  a 
part  of  the  lining  proper.  Timber,  however  convenient  and 
excellent  a  material,  is  now  considered  obsolete  for  well  con¬ 
structed  plants  for  reasons  already  stated.  The  amount  of  fuel 
for  a  possible  fire  in  a  timber  lined  shaft  is  considerable,  and 
it  is  like  a  great  chimney  which  the  ventilating  current  gen¬ 
erally  puts  under  forced  draft;  so  that  a  fire  originating  in  the 
confined  space  of  the  shaft  bottom,  becomes  a  terrible  menace. 
How  terrible  is  shown  by  the  disaster  at  the  mine  of  the  St. 
Paul  Coal  Company,  Cherry,  Ill.,  Nov.  13,  1909.  A  mine  car 
containing  baled  hay  which  was  being  taken  to  the  underground 
stable,  took  fire  from  an  open  torch,  and  before  it  could  be  ex¬ 
tinguished,  communicated  the  fire  to  the  timbers.  The  exhaust 
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fan  drew  the  flames  up  the  combined  air  and  escape  shaft, 
cutting  off  the  exit  in  an  astonishingly  short  time,  and  256  men 
lost  their  lives.  As  a  result  of  this  catastrophe,  fireproof  shaft 
linings  are  now  required  by  law  in  Illinois. 

It  is  to  be  expected  that  the  wooden  linings  of  shafts  for  a 
modern  mine  will  require  renewal  at  least  twice  in  the  life  of 
the  mine.  The  cost  of  such  renewal  is,  of  course,  very  much 
greater  than  the  first  cost.  Besides  the  increase  in  cost  of  tim¬ 
ber  which  may  be  expected  in  the  future,  the  cost  of  renewal 
of  the  old  timber  and  substitution  of  the  new  is  high,  as  the 
operation  must  be  carried  on  piecemeal  and  without  inter¬ 
fering  with  use  of  shaft.  In  spite  of  precautions,  the  operation 
of  renewal  of  lining  has  been  known  to  result  in  the  collapse  of 
the  shaft,  entailing  additional  expense.  Of  course,  such  a  shut¬ 
down,  whether  due  to  fire  or  other  cause,  means  a  large  loss. 
The  fixed  expense  of  keeping  the  workings  open  and  drained, 
and  the  salaries  of  a  large  modern  organization,  make  a  pro¬ 
longed  period  of  idleness  little  short  of  disastrous. 

The  proportions  of  timber  linings  have  gradually  come  to 
be  settled  by  common  consent.  Commercial  sizes  arbitrarily 
adopted  are  used,  of  course,  and  these  allow  for  decay  and  other 
defects  as  well  as  the  sections  necessary  to  resist  external  forces. 
Concrete  linings,  on  the  other  hand,  are  not  limited  to  conven¬ 
tional  thicknesses  and  do  not  require  large  excess  to  provide  for 
deterioration.  An  arbitrary  thickness  allowing  sufficient  space 
back  of  the  form  for  good  warkmanship  in  depositing  the  con¬ 
crete,  should  be  shown  in  the  design,  and  12  in.  is  suggested  for 
this  thickness.  In  sinking,  all  irregularities  should  be  outside 
the  neat  line  thus  shown,  so  that  the  average  thickness  will  be 
much  greater  than  the  minimum.  In  passing  through  clays  and 
friable  shales,  the  scaling  of  the  walls  naturally  increases  the 
thickness,  thus  providing  increased  strength  at  such  points. 

THE  SHAPE  OF  A  SHAFT 

As  we  have  seen,  the  usual  timber-lined  shaft  is  rectan¬ 
gular  in  section,  this  being  the  outline  best  suited  to  the  ma¬ 
terial.  The  recent  introduction  of  concrete,  however,  a  material 
suited  to  any  shape,  has  thrown  open  the  question  as  to  what 
is  the  best  outline  of  cross  section.  The  subject  ‘'Rectangular 
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vs.  Circular  Shafts”  has  occupied  considerable  space  in  current 
literature.  The  circular  shape  offers  great  advantages,  and,  for 
ventilation  shafts,  it  is  unquestionably  the  best  shape  to  use. 
As  the  circle  is  the  figure  of  least  perimeter  for  a  given  area,  it 
follows  that  a  circular  shaft  will  require  the  least  material  for 
lining  and  oppose  the  least  frictional  resistance  to  the  air  cur¬ 
rent  of  any  possible  shape.  A  further  saving  in  material,  par¬ 
ticularly  in  cases  where  pressure  is  to  be  feared,  is  due  to  the 
fact  that  this  shape  is  strongest' in  compression.  There  is  an 
advantage  in  sinking,  in  that  there  is  no  tedious  process  of 
cutting  out  corners.  In  clay  and  other  formations,  which  tend 
to  fall  into  the  excavation,  there  is  a  considerable  saving  due 
to  the  fact  that  the  curved  walls  will  stand  much  better  than 
straight  ones.  This  is  strikingly  illustrated  in  the  case  of  two 
shafts  recently  sunk  in  West  Virginia.* 

These  shafts  were  sunk  about  500  ft.  apart  through  identi¬ 
cal  strata.  One  is  a  hoisting  shaft  26  ft.  2  in.  by  11  ft.  6  in. 
inside,  the  sides  being  straight  and  parallel,  and  the  ends  curved. 
The  other  is  a  ventilating  shaft  16  ft.  in  diameter.  The  theo¬ 
retical  line  of  excavation  was  intended  to  give  a  minimum 
thickness  of  12  in.  for  the  ventilating  shaft,  and  for  the  hoist¬ 
ing  shaft  12  in.  at  the  ends,  thickening  to  18  in.  at  the  middle 
of  the  sides.  No  back-filling  was  done,  the  space  between  the 
form  and  the  sides  of  hole  being  filled  solid.  Carefully  kept 
records  showed  that  in  the  case  of  the  hoist  shaft,  the  actual 
quantity  of  concrete  exceeded  the  minimum  of  the  design  by 
80-  percent,  while  in  the  ventilating  shaft  this  excess  was  only 
50  percent. 

In  the  case  of  ventilating  shafts,  there  are  no  difficulties 
to  offset  these  advantages.  These  same  advantages  are  urged 
by  many  in  favor  of  circular  shafts  for  hoisting,  and  in  Europe 
this  is  the  favorite  form.  In  the  writer’s  opinion,  however, 
there  are  sufficient  reasons  why  the  circular  form  should  not 
be  used  for  our  conditions,  however  successful  it  may  be  abroad. 
These  reasons  lie  mainly  with  differences  in  the  hoisting  prac¬ 
tice.  On  account  of  the  underground  conditions,  the  European 
mine  car  is  small,  being  commonly  limited  to  about  Vi  ton 

•“Concrete  Lined  Coal  Mine  Shafts  at  Annabelle,  W.  Va.”  by  E.  C. 
Auld,  Engineering  News,  Oct.  26,  1911. 
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capacity,  while  with  us  cars  of  three  and  four  tons  are  common. 
There  they  use  cages  of  2,  3,  or  4  decks  when  a  large  capacity 
is  required,  this  practice  being  justified  by  the  great  depth  of 
many  of  their  shafts.  Here  we  cannot  gain  capacity  in  this 
way,  because  the  extra  time  required  for  caging  would  be 
greater  than  the  time  saved  in  hoisting;  unless,  indeed,  we 
resort  to  some  such  complicated  mechanism  as  was  recently 
installed  at  the  St.  Michael  shaft  of  the  Maryland  Coal  Co., 
which  automatically  cages  on  4  decks  at  once.  It  follows  that 
cages,  as  large  in  plan  as  ours,  arranged  to  hoist  in  balance, 
cannot  be  placed  so  as  to  use  the  area  of  a  circular  shaft  to  ad¬ 
vantage,  and,  as  will  be  seen  in  Fig.  2,  most  of  the  economies  of 
the  circular  shaft  disappear. 


Shaft. 

Annabelle 

Circular 

Rectangular 


Size  Inside. 

ll'-6"  x  25'-8" 
19 '-2"  dia. 
ll'-6"  x  2 3 '-8" 


Area. 
272  sq.  ft. 
288  sq.  ft. 
272  sq.  ft. 


Periphery. 

66  ft. 

60  ft. 

70  ft. 


It  is  evident  that  not  area,  but  the  length  of  the  diagonal 
between  opposite  corners  of  the  cages  determines  the  shaft  di¬ 
mensions.  It  is  seen  from  the  figure  that  a  circular  shaft  to 
accommodate  the  Annabelle  cages  would  have  to  be  19  ft.  2  in. 
diameter,  would  have  a  much  greater  area  and  nearly  as  great 
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perimeter  as  the  design  used.  Assuming  that  the  cost  per  yard 
of  lining  is  to  that  of  sinking  as  1  : 2.75,  the  circular  shaft 
would  cost  about  five  percent  more  than  the  Annabelle  shaft. 

The  area  available  for  pipes  in  the  circular  shaft  would  bo 
very  unfavorably  placed.  A  rectangular  shaft  of  the  same 
width  as  the  Annabelle  and  of  equivalent  area  would  have  a 
slightly  greater  cost  due  to  perimeter,  and  would  also  entail 
some  extra  cost  in  cutting  out  corners.  It  would  still  be  cheaper 
than  the  circular. 

An  even  more  serious  difference  in  practice  regards  safety. 
Abroad,  dependence  seems  to  be  placed  mainly  on  inspection, 
annealing  of  chains  and  frequent  renewals  to  prevent  hoisting 
accidents.  Automatic  appliances  to  catch  the  cage  in  the  event 
of  rope  breakage  are  little  used.  Rope  guides  are  common.  Iu 
many  of  our  states,  safety  catches  are  required  by  law  and 
rigid  guides  are  generally  considered  necessary.  Further,  many 
mining  men  believe  that  safety  requires  that  a  smooth  surface 
be  provided  close  to,  and  parallel  with,  the  edge  of  the  cage 
throughout  the  hoist.  This  would  mean  expensive  partitions 
in  the  circular  shaft. 


A  section  of  the  Filbert  shaft  of  the  H.  C.  Frick  Coke  Co., 
see  Fig.  3,  built  in  1908,  shows  how  the  engineers  of  that  cor¬ 
poration  provided  for  this  important  safety  requirement  by 
inserting  timber  wales,  d,  and  the  sheathing,  i,  from  top  to 
bottom. 
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The  landing  apparatus  requires  this  parallel  contour  at  the 
top  of  the  shaft  in  any  case,  and  without  some  such  provision, 
the  change  of  form  might  cause  a  serious  accident  in  hoisting 
materials. 

There  remains  little  in  favor  of  the  circular  form  except 
its  superior  strength.*  In  deep  shafts,  penetrating  water-bear¬ 
ing  sands,  etc.,  this  consideration  may  be  so  serious  as  to  out¬ 
weigh  those  mentioned  above,  and  I  believe  this  is  true  in  cer¬ 
tain  of  the  coal  fields  abroad.  But  it  is  hoped  that  sufficient 
has  been  said  above  to  demonstrate  that  for  usual  conditions 
in  the  bituminous  region  in  this  country,  we  need  not  feel 
obliged  to  design  for  any  such  great  pressures. 


Early  designs  of  concrete  shafts  in  this  country  indicate 
an  effort  to  compromise  between  circular  and  rectangular  forms. 
Apparently  a  fear  of  excessive  pressure  prevented  the  use  of 
straight  lines,  and  there  resulted  various  forms  as  shown  in  Fig. 
4.  These  arched  forms  are  assumed  to  be  stronger  than  rectan- 
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gular  shapes.  This  is  true  where  water  pressure  is  to  he  re¬ 
sisted  in  rock  excavation.  The  fact  seems  to  have  been  over¬ 
looked,  however,  that  these  arches  can  be  depended  on  only 
when  they  have  solid  abutments.  This  is  not  usually  the  case, 
and  where  it  is  there  is  generally  no  need  of  their  strength, 
as  the  walls  of  the  excavation  are  self-supporting. 

Consider  a  section  of  lining,  such  as  is  shown  in  Pig.  0. 
This  indicates  a  lining  of  two  radii  and  illustrates  the  general 
case  of  all  compound  curves.  The  manner  of  failure  of  such 
a  lining  under  ultimate  load  is  shown  by  the  dotted  lines.  This 
assumes  the  common  case  of  yielding  strata.  In  solid  rock,  of 
course,  the  unbalanced  thrust,  P,  would  be  taken  by  the  rock, 
and  not  enough  movement  would  take  place  to  allow  of  the  ten¬ 
sion  failure  at  points,  a  and  b. 


Fig.  5.  Resolution  of  Forces  in  Elliptical  lining. 

By  resolving  P  into  its  components  p  and  p  and  consider¬ 
ing  the  sides  and  ends  of  the  lining  as  separate  elements,  as  in 
Fig.  6,  it  is  possible  to  calculate  the  maximum  stresses  in  the 
lining  under  assumed  pressures.  It  may  be  assumed  that  the 
sides  are  subject  to  combined  compression  and  eccentric  tension 
and  that  the  ends  act  as  struts  eccentrically  loaded.  It  is  evi¬ 
dent  that  such  shafts  will  stand  very  little  external  pressure, 
unless  heavily  reinforced.  Such  reinforcement  is  not  common, 
and  experience  has  gradually  inspired  confidence  until  we  have 
shafts  of  shapes  like  the  Annabel le,  Fig.  2,  with  long,  straight 
sides,  unreinforced,  and  acting  rather  as  facings  than  as  parts 
of  compression  rings. 

There  seems  to  be  a  misapprehension  on  the  pail  of  some 
writers,  however,  as  to  the  reason  for  arching  the  ends.  This 
is  not  done  for  strength,  but  because  the  curved  form  is  the 
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most  economical  way  of  enclosing  the  desired  area.  The  ad¬ 
vantages  in  this  case  are  the  same  as  those  given  for  circular 
ventilating  shafts.  It  is  evident  that  the  supposed  strength  of 
these  arches  vanishes  where  it  is  most  needed,  on  account  of  lack 
of  rigid  abutments,  as  is  also  the  fact  that  the  supposed  excess 
strength  in  the  ends  over  that  of  the  sides  is  entirely  useless. 
Even  if  the  sides  are  sufficiently  reinforced  to  take  the  as¬ 
sumed  load  as  beams,  the  curved  ends  are  entirely  unadapted 
to  care  for  the  end  reactions  of  the  beams. 


Fig.  6.  Lining  Elements  Separated,  Elliptical  Shaft. 

In  answer  to  the  question:  “What  shape  should  be  used  for 
concrete  lined  shafts?”  I  would  say  that  ventilation  shafts 
should  be  circular  and  hoisting  shafts  rectangular.  Where  the 
requirements  of  ventilation  necessitates  an  area  greater  than 
that  required  for  hoisting,  such  area  should  be  enclosed  by  a 
rounded  end. 

DRAINAGE 

As  already  mentioned  it  has  frequently  been  argued  that 
all  concrete  linings  should  exclude  water  from  the  shaft.  It 
is,  however,  very  common  practice  to  construct  drainage  sys¬ 
tems  behind  the  lining  for  the  purpose  of  relieving  the  lining 
of  all  such  hydrostatic  pressure. 

Water  rings,  such  as  shown  in  Fig.  7,  are  principally  relied 
on  to  accomplish  this  result.  These  are  cavities  formed  in  some 
suitable  stratum  below  the  principal  points  of  inflow,  and  ex¬ 
tending  entirely  around  the  shaft.  They  are  large  enough  for 
a  man  to  crawl  through,  and  doors  are  formed  in  the  lining  to 
give  access  to  them.  A  recess  is  formed  in  the  lining  to  inter- 
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eept  any  seepage  which  may  flow  down  the  face  of  the  lining 
and  turn  it  into  the  ring.  The  bottom  usually  consists  of  a 
paved  gutter  having  a  strained  outlet  into  a  pipe  extending 
down  the  shaft  to  the  sump.  This  pipe  is  frequently  connected 
to  the  fire  or  sprinkling  lines  of  the  mine. 


Fig.  7.  Section  through  Water  Ring. 


In  concrete  lined  shafts  the  water  rings  are  generally  sup¬ 
plemented  by  several  vertical  lines  of  farm  darinage  tile  placed 
back  of  the  lining.  The  joints  are  surrounded  with  broken 
stone  to  exclude  the  concrete.  In  the  case  of  a  circular  venti¬ 
lating  shaft  recently  sunk,  drainage  is  cared  for  by  means  of 
a  12  in.  bore  hole  drilled  in  advance,  four  feet  outside  of  the 
lining,  in  which  was  placed  a  4J4  in-  casing.  Several  lines  of 
tile  were  placed  at  points  around  the  circumference  where  flow¬ 
ing  water  was  encountered.  These  discharge  into  two  water 
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rings  which  drain  into  the  casing  referred  to,  cast  iron  strainers 
being  used  in  the  rings.  The  casing  has  pipe  connections  at  the 
shaft  bottom  so  that  the  water  can  either  discharge  into  the 
sump,  or  to  those  connections  for  sprinkling,  fire  or  other  pur¬ 
poses. 

This  arrangement  was  adopted  to  exclude  all  piping  from 
the  interior  of  the  shaft,  and  to  keep  it  as  dry  as  possible. 
The  shaft  is  normally  an  intake,  and  such  pipes,  if  placed  in  it, 
would  be  liable  to  freeze  in  winter,  permitting  ice  accumulations 
which  may  seriously  interfere  with  the  ventilation. 

DROP  SHAFTS 

Drop  shafts,  or  those  sunk  by  the  caisson  method,  have  fre¬ 
quently  been  constructed.  The  method  used  is  the  same  as  that 
for  bridge  piers  and  other  foundations,  and  need  not  be  dwelt 
on  here,  as  they  have  literature  of  their  own.  Shaft  linings 
may  be  sunk  either  as  open  caissons  or  under  compressed  air, 
and  as  well  with  rectangular  as  circular  forms.  Two  particu¬ 
larly  interesting  examples  of  the  open  type  may  be  cited.  The 
shaft  of  the  Vermillion  Mine  of  the  Bunson  Coal  Co.  in  Illinois 
and  that  of  Woodward  No.  3  Colliery  of  the  D.  L.  &  W.  R.  R., 
which  was  described  by  its  designer,  Mr.  R.  V.  Norris,  Con¬ 
sulting  Engineer,  in  the  June  4th,  1910,  number  of  the  En¬ 
gineering  &  Mining  Journal.  The  first  shaft  was  sunk  as  an 
open  caisson  through  soft  material  carrying  very  little  water 
for  a  depth  of  52  ft.,  the  total  depth  being  205  ft.  It  is  an 
8  by  13  ft.  ventilating  shaft  without  buntons  or  partitions.  The 
walls  are  21  in.  thick. 

They  rest  on  a  steel  cutting  shoe  and  are  reinforced  with 
vertical  rods.  The  second  shaft  is  illustrated  in  Fig.  8,  and  is  a 
very  interesting  example  of  a  rectangular  design  applied  to  the 
extreme  case  of  sinking  through  quicksand.  This  shaft  is  worthy 
of  the  attention  of  every  designer.  It  is  a  larger  shaft  than  we 
usually  use  in  this  region,  being  50  ft.  10  in.  by  14  ft.  10  in. 
inside,  with  rounded  corners  and  divided  into  three  compart¬ 
ments  respectively,  20  ft.  0  in.  by  14  ft.  10  in.;  8  ft.  8  in.  by 
14  ft.  10  in.,  and  16  ft.  6  in.  by  14  ft.  10  in.,  by  concrete  cross 
walls,  one  of  which  is  reinforced.  The  total  depth  of  the  shaft 
is  960  feet,  of  which  the  first  80  ft.  pass  through  the  water- 
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bearing  alluvial  deposit.  This  portion  was  sunk  as  an  open 
caisson,  the  cutting  shoe  being  brought  to  rest  on  rock.  The 
figure  shows  a  timber  deck  which  was  provided  for,  in  case 
compressed  air  should  become  necessary,  but  this  deck  was  not 
used.  At  the  top  of  the  rock  stratum  the  water  was  sealed  off 
in  the  ingenious,  manner  shown  in  Fig.  9,  from  the  article  re¬ 
ferred  to,  and  the  sinking  proceeded  through  the  firm  rock 


Fig.  8.  Woodward  shaft  No.  3.  D.  L.  &  W.  R.  R.  Fo. 

below  in  the  usual  manner.  The  portion  of  the  lining  sunk  as 
a  caisson  was  designed  to  resist  the  full  hydrostatic  head,  being 
7  ft.  0  in.  thick  on  the  sides  and  5  ft.  4  in.  on  the  ends,  at  the 
bottom,  and  stepped  to  2  ft.  8  in.  at  the  top.  It  is  heavily  rein¬ 
forced  with  horizontal  and  vertical  rods.  140  tons  being  used. 
The  rock  section  is  timbered. 
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MATERIALS  FOR  LININGS 

Besides  concrete,  already  mentioned  as  a  substitute  for 
timber,  brick  and  steel  are  occasionally  used.  Cast  iron  is  well 
liked  in  Europe,  though  little  used  in  this  country.  Separately 
molded  concrete  blocks  and  “timbers”  have  also  been  used. 


BRICK  LINING S 

Bricks  form  a  good  material  for  lining  under  ordinary 
conditions.  In  general,  I  would  say  that  the  choice  between 
brick  and  concrete  is  a  matter  of  relative  cost.  In  the  bitumin¬ 
ous  region  as  a  rule,  quarry  sites  yielding  sand  and  stone  for 
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concrete  are  readily  available  at  the  work,  making  concrete 
cheaper.  It  frequently  happens  that  an  expeditious  construc¬ 
tion  program  requires  that  the  shafts  be  sunk  at  points  remote 
from  railway  facilities,  so  that  brick  is  under  a  heavy  handicap, 
due  to  transportation  charges;  but  these  conditions  might  be 
reversed  in  some  localities,  and  brick  be  more  readily  obtainable 
and  cheaper  in  place  than  concrete.  In  such  a  case,  I  would 
not  hesitate  to  use  brick,  even  in  a  rectangular  shaft,  provided 
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borings,  or  neighboring  shaft  records,  gave  assurance  that  no 
unusual  stresses  were  likely  to  be  encountered. 

STEEL  LININGS 

All-steel  linings  have  been  used,  a  fabricated  frame  of 
beams,  channels  or  H-sections  similar  in  form  to  the  usual 
timber  lining,  being  bolted  together  in  the  shaft  and  lagged 
with  either  plank  or  steel  plates.  Steel  is  often  used  for  buri- 
tons,  etc.,  in  concrete  shafts. 

There  is  perhaps  undue  distrust  of  this  material  in  the 
minds  of  many  mining  men,  who  have  observed  its  rapid  corro 
sion  in  surface  structures,  or  where  exposed  to  sulphurous  drain¬ 
age.  As  already  explained  in  discussing  wood  linings,  the  ex¬ 
pense  of  relining  is  almost  prohibitive  though  buntons  may  be 
renewed  without  interruption  of  hoisting.  However,  the  intro¬ 
duction  of  steel  mine  timbers  has  indicated  that  the  life  of 
steel  in  such  position  is  much  longer  than  might  be  supposed. 
In  the  first  place,  it  is  not  subject  to  the  wide  range  of  tempera¬ 
ture  to  which  surface  structures  are  exposed.  This  is  true  es¬ 
pecially  of  an  upcast  shaft.  With  structures  exposed  to  weather, 
the  breaking  down  of  the  paint  film  and  subsequent  rapid  cor¬ 
rosion  is  no  doubt  largely  due  to  expansion  and  contraction. 
On  the  other  hand,  steel  in  shafts  is  sure  to  suffer  neglect. 
Mining  structures  are  not  generally  noted  for  being  especially 
well  cared  for,  and  in  the  shaft,  “out  of  sight  is  out  of  mind’’ 
as  a  rule. 

A  cross  section  of  a  shaft  of  unique  design  is  shown  in  Fig. 
10.  It  has  a  steel  frame  lining  encased  in  concrete,  the  prin¬ 
cipal  peculiarity  being  that  the  main  members  are  vertical  in¬ 
stead  of  horizontal.  The  inventor,  Mr.  Carl  Scholz  of  Chicago, 
Ill.,  to  whom  I  am  indebted  for  information,  states  that  the 
principal  advantage  of  this  arrangement  lies  in  facilitating 
erection.  The  frame  is  suspended  from  a  steel  collar  placed 
at  the  top  of  the  shaft;  and  it  is,  therefore,  comparatively  easy 
to  place  it  plumb  and  straight.  The  work  is  further  facilitated 
by  the  fact  that  the  frame  can  follow  comparatively  close  to 
the  sinking.  Temporary  wooden  lagging  is  used  where  re¬ 
quired,  and  the  concreting  done  from  the  bottom  up  after  the 
sinking  is  finished.  The  frame  furnishes  support  for  a  system 
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of  panel  forms  which  are  much  more  quickly  and  easily  placed 
than  the  usual  self-supporting  forms. 


cast  iron 

So  far  as  the  writer  is  aware,  cast  iron  linings  ar<*  prac¬ 
tically  unknown  in  this  country,  though  used  very  extensively 
in  Europe.  The  reason  of  this  lies  in  the  fact  that  so  many 
very  deep  shafts  passing  through  water  bearing  formations, 


Fig.  10.  Scholz  Patent  Shaft  Lining. 


are  sunk  abroad,  and  also  to  the  fact  that  the  shafts  are  gener¬ 
ally  readily  .  accessible  to  manufacturing  districts.  Whereas, 
in  this  country  we  rarely  if  ever  meet  with  the  trying  conditions 
mentioned  and  our  shafts  are  frequently  sunk  in  remote  dis¬ 
tricts,  where  the  cost  of  transportation  of  cast  iron  “tubbing” 
would  be  prohibitive. 

This  material  is  admirably  adapted  to  the  European  con¬ 
ditions  mentioned,  particularly  to  those  boring  operations  where- 
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in  the  lining  is  forced  down  from  the  top  while  gigantic  boring 
tools  are  removing  the  material  from  inside.  It  is  doubtful 
if  any  other  materials  could  be  substituted  for  iron  or  steel 
for  this  service. 

Cast  iron  tubbing  is  also  popular  in  Europe  for  shafts  sunk 
by  other  methods.  This  seems  to  be  chiefly  on  account  of  its 
strength  and  the  facility  with  which  it  can  be  assembled  10 
resist  pressure  in  bad  ground.  The  use  of  reinforced  concrete 
for  this  purpose  is  constantly  growing,  however,  at  the  expense 
of  iron. 

Steel  linings  for  circular  shafts  have  been  used  in  Europe 
consisting  of  channel  section  rings  three  to  five  feet  apart  verti- 
cally.  Behind  this  frame  is  wedged  wood  lagging.  The  rings 
are  suspended  from  each  other  by  round  hooked  rods.  This 
form  of  lining  is  frequently  used  for  temporary  work,  being 
later  replaced  by  masonry  lining. 

CONCRETE  BLOCKS 

Nearly  all  concrete  linings  are  cast  in  place  behind  steel, 
or  wood  forms;  but  there  have  been  some  interesting  cases  of 
linings  cast  in  whole,  or  in  part,  on  the  surface. 

A  circular  shaft  133  ft.  deep  and  13  ft.  4  in.  diameter  was 
recently  sunk  by  the  United  Collieries  of  Charleroi,  Belgium.* 
This  lining  consists  of  an  inner  layer  of  segmental  concrete 
blocks,  30  in.  high,  3.2  in.  thick,  and  14  to  the  circle.  Between 
the  blocks  and  the  walls  of  the  excavation,  concrete  is  poured, 
making  a  wall  thickness  of  1  ft.  7  in.  The  blocks  are  rein¬ 
forced  and  provided  with  dowels  holding  the  successive  rings  in 
line  and  ring  bolts  projecting  into  the  concrete  backing. 
Through  the  latter  is  laced  a  zig-zag  reinforcing  of  round  rods 
which  ties  the  blocks  to  the  mass  concrete.  It  is  stated  that 
the  cost  was  $8.65  per  lineal  foot,  and  that  this  lining  is  equal 
in  strength  to  one  of  masonry  32  in.  thick  which  would  have 
cost  $13.50.  Mixture  6  gravel,  3  sand,  3  cement. 

CONCRETE  TIMBERING 

Separately  molded  concrete  members,  designed  to  be  su in¬ 
stituted  for  framed  timbers  and  erected  in  the  same  way,  have 

♦Translated  and  abstracted  from  “Annales  des  Mines  de  Belgique”  by 
E.  P.  Buffet,  published  in  “Coal  Age,”  June  21,  1913. 
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also  been  used.  Fig.  11  shows  such  a  lining  as  installed  in  the 
inclined  shaft  of  the  Ahmeek  Mining  Co.,  Michigan.  Fig.  12 
shows  details  of  some  of  the  members.  The  success  of  this  in¬ 
stallation  and  the  well  known  advantages  of  this  type  of  struc¬ 
tural  construction,  make  it  well  worthy  of  serious  consideration. 
Such  structural  concrete  would  seem  to  offer  special  advantages 
for  rapid  work.  The  members  can  be  molded  in  advance  of 
sinking,  and  if  the  erection  plant  is  provided  to  properly  handle 
these  heavy  pieces,  there  is  no  reason  why  such  lining  cannot 
be  placed  almost  as  rapidly  as  timber. 


Another  necessary  provision  at  the  coping  is  a  support  for 
landing  rails  close  to  the  cages.  In  the  case  of  circular  shafts 
this  is  usually  provided  by  steel  beams  forming  chords  parallel 
to  the  cage  ends. 

BUNTONS 

The  introduction  of  concrete  for  lining  has  brought  for¬ 
ward  an  interesting  variety  of  buntons,  or  cross  members,  for 
guide  support.  The  first  concrete  shafts  were  provided  with 
wooden  buntons  of  the  same  section  as  were  in  use  in  timber 
linings.  This  was  early  recognized  as  begging  the  question, 
however,  and  the  present  various  sections  have  been  advanced 
as  substitutes.  Steel  beams  and  channels  suggested  themselves, 
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but  experience  with  corrosion,  in  surface  structures,  naturally 
caused  apprehension  as  to  the  life  of  these  members.  As  ex¬ 
plained  elsewhere,  I  think  this  apprehension  largely  unfounded, 
but  the  fact  remains  that  structural  steel  in  such  a  situation 
cannot  have  the  life  of  the  concrete  lining,  and  to  that  extent 
that  design  is  inconsistent. 
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Fig.  12.  Details  of  Concrete  Member.  Ahmeek  Shaft. 


In  a  recent  shaft  allowance  was  made  for  this  factor  by 
using  extra  heavy  metal.  The  center  bunton  is  composed  of  two 
12  in.  48.4  lb.  ship  channels  and  each  end  bunton  is  one  such 
channel.  This  use  of  heavy  steel  is  of  undoubted  economy, 
though  involving  an  increased  initial  outlay. 

Buntons  of  I-beams  and  H-beams  of  various  sizes  have 
been  made,  as  well  as  beams  and  channels  covered  with  concrete. 
While  the  writer  has  had  no  experience  with  the  latter,  lie  is 
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inclined  to  fear  that  the  life  of  the  concrete  covering,  usually 
thin,  will  prove  unsatisfactory,  and  would  prefer  a  reinforced 
section,  such  as  those  in  use  in  the  Ahmeek  shaft. 

A  curious  example  of  conservatism  is  shown  in  the  fact  that 
practically  all  designers  have  failed  to  realize  that,  as  the  stand¬ 
ard  timber  lining  breaks  joints  at  the  buntons,  the  latter  are  pro¬ 
portioned  as  struts,  and  also  that  the  arbitrary  spacing  of  rin»<s 
in  the  timber  lining,  is  as  much  for  convenience  in  handling 
the  verticals  and  placing  the  plank  lagging  as  for  needed 
strength ;  whereas,  in  concrete,  there  is  no  such  breaking  of 
joints,  and  the  end  details  usually  adopted  prevent  any  real 
strut  action. 

Custom,  however,  has  sanctioned  a  spacing  of  five  feet, 
which  is  very  generally  used,  even  in  concrete  shafts.  In 
special  cases,  for  instance  if  pressure  is  to  be  resisted,  it  may 
be  desirable  to  make  the  bunton  a  compression  member,  but  as 
a  rule  it  acts  as  a  simple  beam  supporting  the  cage  guide.  This 
load  is  negligible  when  the  cage  is  running  free,  but  if  the  rope 
breaks  and  the  safety  catches  come  into  action,  the  entire  load 
is  suddenly  transferred  to  the  guides,  and  thence  to  the  buntons. 
It  seems  to  me,  that  on  account  of  their  elasticity,  we  should 
consider  this  dynamic  load  as  coming  on  a  single  pair  of  bun- 
tons  only.  Each  bunton  should  be  figured  as  a  simple  beam 
loaded  with  a  concentrated  load  at  the  center,  equal  to  twice 
the  weight  of  the  loaded  cage.  As  this  is  an  emergency  load 
only,  a  rather  high  unit  stress  is  justified.  Where  steel  is  used 
some  excess  section  should  be  provided  to  allow  for  corrosion, 
such  excess  taking  the  form  of  thick  metal.  If  each  pair  of 
buntons  is  capable  of  taking  the  entire  load,  there  is  no  gain 
in  placing  the  buntons  closer  than  is  required  to  give  the  guides 
proper  lateral  support.  I  would  make  this  spacing  10  to  15  ft. 
according  to  the  guide  section  used. 

coping 

The  coping  should  be  designed  primarily  as  a  foundation 
for  the  headframe.  Anchorages  for  steel  gates  and  fence 
around  the  top  of  the  shaft  are  also  generally  provided,  and 
of  course,  recesses  for  the  cage  landing  devices.  In  the  case 
of  rectangular,  or  flat  sided  shafts,  the  coping  should  also  be 


WELDIN — DESIGN  OF  MINE  SHAFT  LININGS  589 

designed  as  a  retaining  wall  for  such  depth  as  may  require 
hack  filling.  It  is  generally  unnecessary  to  figure  this  wall  as 
extending  to  solid  rock,  as  is  sometimes  specified,  as  any  strata 
that  will  stand  vertical  until  lined,  obviously  require  no  more 
support  than  is  afforded  by  the  standard  section.  Neither  Is 
this  precaution  necessary  on  account  of  the  pressure  under  the 
toe  of  the  retaining  wall,  as  this  rests  on  the  standard  section 
of  the  lining.  This  is  equivalent  to  carrying  the  toe  to  solid 
rock,  and  as  the  toe  is  the  only  portion  requiring  such  footing, 
the  result  is  all  that  can  be  desired.  The  lining  is  sufficiently 
keyed  to  the  rock  by  the  irregularities  of  the  excavation,  par¬ 
ticularly  as  softer  strata  generaly  overlie  the  rock,  and  break 
farther  from  the  neat  line,  thus  giving  a  positive  bearing  on 
the  rock. 

The  coping  should  extend  at  least  one  foot  above  the  grade 
of  the  surrounding  yard,  in  order  to  protect  the  column  bases 
from  early  destruction  due  to  accumulation  of  dirt.  This  simple 
precaution  is  frequently  neglected  on  account  of  a  desire  to 
place  the  rails  of  the  landing  track  directly  on  top  of  the  cop¬ 
ing.  However,  a  groove  or  notch  may  just  as  well  be  cast  in 
the  coping  for  this  track,  giving  a  yard  graded  to  the  level  of 
base  of  rail  and  coping  extending  a  foot  or  more  above  this 
level  all  around. 

A  great  deal  has  been  said  in  recent  literature  as  to  the 
importance  of  keeping  the  column  footings  of  the  head  frame  as 
far  as  possible  from  the  shaft,  on  the  theory,  apparently  accept¬ 
ed  as  axiomatic,  that  such  concentrations  of  loading  endanger 
the  integrity  of  the  lining,  due  to  a  lateral  pressure.  In  order  to 
avoid  this  supposed  danger,  special  head  frames  have  been  de 
signed,  particularly  in  Western  States,  of  the  A-frame  type, 
having  a  wide  spread  of  principal  columns.  This  attitude  on 
the  part  of  many  designers  has  long  puzzled  the  writer,  and  he 
is  at  a  loss  to  account  for  it. 

The  articles  in  question  do  not  limit  the  ruling  to  any  pe¬ 
culiar  local  condition  of  unstable  strata,  and  the  idea  is  all  the 
more  astonishing  when  brought  forward  by  the  advocates  of 
linings  designed  for  hydrostatic  pressure,  who  would  naturally 
be  expected  to  provide  for  this  thrust  by  reinforcing  the  lining. 

In  my  opinion,  the  best  place  to  rest  the  column  is  directly 
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on  the  top  of  the  lining.  What  better  foundation  could  possibly 
be  imagined,  even  under  the  worst  condition,  than  a  footing  ex¬ 
tending  down  through  the  bituminous  measures,  distributing  its 
load  to  the  several  great  layers  of  limestone  and  sandstone 
always  encountered?  Concrete  piling  is  as  nothing  in  com¬ 
parison.  I  think  that  if  the  upper  soil  be  inclined  to  pressure, 
it  is  inviting  trouble  to  load  it  by  a  spread  head-frame,  when 
the  loads  might  be  transmitted  directly  through  the  lining  to 
the  strata  below. 

GUIDES 

Wooden  guides  are  generally  used,  even  in  concrete  shafts, 
long  leaf  yellow  pine  of  the  best  grade  obtainable  is  specified. 
The  pieces  are  obtained  as  long  as  possible,  and  may  be  spliced 
by  any  of  the  well  known  timber  splices.  I  prefer  a  butt  joint, 
with  a  substantial  splice  piece.  The  guide  should  be  dapped 
over  the  buntons  deep  enough  to  give  a  safe  bearing  pressure 
on  the  dap  when  the  action  of  the  Safety  device  brings  on  the 
maximum  load.  The  size  sanctioned  by  best  practice  is  6  by 
8  in.  The  longest  diameter  should  be  placed  on  the  long  di¬ 
ameter  of  the  shaft  in  order  to  give  large  bearing  to  the  safety 
device.  Guides  should  be  secured  by  countersunk  through-bolts, 
not  lag  screws  as  are  sometimes  used. 

It  will  be  noted  that  Mr.  Scholz,  in  the  shaft  described 
above,  uses  steel  rails  for  guides.  The  ordinary  cam  type  of: 
safety  is  used,  except  that  the  teeth  are  finer  than  those  used 
with  wood  guides.  This  use  of  steel  guides  seems  to  be  in  the 
direction  of  progress.  Steel  is  so  much  more  rigid,  durable, 
dependable  and  better  suited  to  the  action  of  safety  catches, 
than  wood,  that  it  is  predicted  that  it  will  be  more  and  more 
used  for  this  purpose. 

Steel  guides  have  been  successfully  used  in  Europe.  An 
interesting  example  is  described  by  Mr.  J.  S.  Barnes  in  Iron 
and  Coal  Trade  Review,  Oct.  14,  1907,  as  being  in  satisfactor}' 
operation  (mine  not  given).  Fig.  13  shows  a  section  of  the 
shaft,  and  Fig.  14  the  cast  steel  slipper  attached  to  the  cage 
and  clasping  the  rail  head.  It  is  to  be  noted  that  this  is  a 
large  shaft,  the  cages  being  three  decked  and  holding  four 
trams  on  each  deck,  so  that  they  are  of  about  the  same  size 
in  plan  as  cages  used  in  this  country. 
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This  device  eliminates  the  long  center  bunton,  and  ful¬ 
fils  all  the  requirements  of  good  guiding.  The  rail  is  about  4~j 
lb.  per  yard,  and  the  clearance  between  it  and  the  slipper  is 
inch.  The  latter  is  bell  mouthed.  The  rail  ends  are  slightly 
beveled  and  secured  in  line  by  dowel  pins. 

Rope  guides  are  seldom  used  here,  though  general  in  the 
deep  shafts  of  England.  They  are  secured  to  the  headframe 
and  usually  kept  taunt  by  large  weights  in  the  sump.  Three 
or  four  guides  are  generally  hung  for  each  cage.  Our  company 
has  employed  rope  guides  for  the  emergency  hoist  in  a  circular 
ventilation  shaft,  and  found  them  a  very  satisfactory  solution 
of  the  problem. 


Fig.  13.  Section  English  mine  shaft. 


Safety  devices,  as  we  know  them,  are  not  usually  applied 
to  rope  guides,  but  in  this  case  no  difficulty  was  experienced 
in  adapting  a  well  known  device  of  the  wedge  type  to  the 
purpose. 

STAIRWAYS 

Stairways  are  generally  required  by  law,  unless  a  second 
hoist  is  provided  as  an  escape  way.  These  are  generally  placed 
in  a  compartment  of  the  hoist  shaft.  This  is  the  most  con¬ 
venient  arrangement,  as  the  stairs  communicate  directly  with 
the  workings.  Stairs  are  objectionable  in  air  shafts  on  account 


592  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 

of  their  resistance  to  the  air  current.  The  velocity  of  the  air 
also  makes  travel  on  them  highly  inconvenient. 

Until  recently,  shaft  stairs  were  generally  built  of  wood. 
On  account  of  fire  risk  this  practice  should  be  eliminated,  par¬ 
ticularly  in  concrete  shafts.  Many  stairs  have  been  built  of 
structural  steel.  Here  we  encounter  the  same  objections  as  are 
made  to  steel  buntons,  but  it  is  hardly  feasible  to  resort  to  few 
members  of  increased  thickness.  However,  the  cost  of  renewal 
does  not  include  in  this  case  the  large  extra  charges  mentioned 
in  the  case  of  lining  renewal,  and  such  renewal  does  not  affect 
the  output.  On  the  other  hand,  there  is  more  than  ordinary 
reason  for  permanent  construction  in  that  the  stairs  are  for 
emergency  use  only. 


Fig.  14.  Cast  steel  slipper  used  in  shaft  shown  in  Fig.  13. 


They  are  thus  not  under  daily  observation,  and  it  is  easy  to 
overlook  their  need  of  repair  until  the  emergency  arises,  when 
they  may  be  found  to  be  useless.  Such  a  contingency,  even 
though  rather  remote,  would  justify  a  considerable  increase 
in  expenditure  for  its  prevention. 

The  construction  of  light  stairways  in  reinforced  concrete 
is  now  well  understood,  and  it  is  suggested  that  shaft  stairs  be 
built  of  this  material.  In  all  but  the  shallowest  shafts  it  js 
desirable  to  build  the  steps  on  rather  a  low  pitch  with  frequent 
landings,  on  account  of  the  great  labor  required  to  climb  out 
of  a  deep  shaft;  l1/*  in.  rise  and  9 Yz  in.  tread  are  recommended. 
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PARTITIONS 

In  general  it  is  desirable  for  large  mines  to  sink  a  separate 
circular  shaft  for  the  sole  purpose  of  conducting  the  ventilating 
current  to  the  workings.  This  may  be  provided  with  a  hoist 
operating  between  rope  guides  to  serve  as  a  second  outlet  or 
escapeway,  access  to  the  shaft  being  provided  by  air  locks  at 
the  top  or  bottom,  or  an  escape  way  may  be  provided  by  some 
other  outlet.  Perhaps  the  best  arrangement  for  large  mines 
is  a  plain  circular  shaft  for  ventilation,  a  hoisting  shaft  for 
coal  only,  and  a  third  shaft  for  hoisting  men  and  materials. 

However,  it  is  a  common  practice  to  combine  in  one  shaft 
both  hoisting  and  ventilating  compartments.  These  must  be 
separated  by  tight  partitions.  In  the  case  of  wood  lining,  the 
purpose  was  generally  served  by  lining  the  air  compartment 
all  around  with  two  layers  of  tongued  and  grooved  flooring, 
having  tar  paper  between.  This  same  construction  was  at  first 
applied  to  partitions  in  concrete  shafts.  A  modification  of  this 
practice  was  adopted  at  the  Filbert  Shaft  of  the  H.  C.  Frick 
Coke  Co.  by  substituting  a  four  inch  reinforced  concrete  cur¬ 
tain  for  the  second  layer  of  sheathing.  This  curtain  extends 
into  the  concrete  lining,  filling  a  V  shaped  groove  cut  by  hand. 
At  the  Universal  Mines  of  the  Bunson  Coal  Co.,  built  some  years 
later,  the  wood  sheathing  was  discarded  and  a  five  inch  rein¬ 
forced  concrete  partition,  stiffened  with  six  inch  steel  channel 
buntons  every  five  feet,  was  cast  after  the  lining  was  complete. 
It  entered  grooves  cast  in  the  lining.  Such  a  partition  is  cer 
tainly  more  consistent  in  a  concrete  shaft  than  any  scheme 
involving  large  quantities  of  wood.  It  is  doubtful,  however,  if 
the  use  of  structural  sections  as  reinforcement  in  the  stiffner 
is  justified  on  account  of  the  danger  of  separation  on  shrinkage 
of  the  concrete.  Stiffners  cast  in  place,  and  reinforced  with 
unit  frames  of  rods,  would  probably  be  more  satisfactory,  and 
it  is  possible  that  a  wall  of  uniform  thickness  sufficient  to  give 
the  required  stiffness  would  be  more  economical. 

If  thin  stiffened  partitions  are  used,  they  could  probably 
be  best  formed  by  plastering  cement  mortar  on  one  of  the 
several  patent  combined  metal  stud  and  lath  fabrics.  The  de¬ 
signer  will  settle  such  points  for  each  case,  the  most  economical 
form  for  the  given  conditions  being  used. 
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SHAFT  BOTTOM 

It  is  customary  to  build  brick  or  concrete  arches  to  pro¬ 
tect  the  main  headings  at  the  foot  of  a  shaft,  and  it  is  a  simple 
matter  of  form  construction  to  make  a  junction  of  these  with 
the  lining.  I  would  like  someone  to  enlighten  me,  however,  as 
to  what  stresses  at  this  intersection  call  for  the  heavy  rein¬ 
forcing  seen  on  several  recent  designs.  This  reinforcing  is 
placed  as  though  the  two  elements  were  expected  to  part  com¬ 
pany  unless  tied  together.  This  suggested  parting  could  only 
occur  if  the  central  portion  of  the  lining  were  to  move  inward 
toward  the  center  of  the  shaft,  or  the  top  of  the  arch  were  to 
move  downward.  And  yet  these  are  precisely  the  directions 
of  the  assumed  loadings  which  these  elements  are  supposed  to 
be  designed  to  resist. 


Fig.  15.  Suggested  design  for  shaft  lining. 

In  a  recent  construction,  the  junction  of  the  circular  ven¬ 
tilating  shaft  with  the  heading  was  made  by  erecting  a  half 
section  of  the  shaft  form  in  an  inclined  position  forming  a  45 
deg.  elbow,  thus  reducing  the  resistance  to  the  change  in  di¬ 
rection  of  the  air  current. 

A  SUGGESTED  DESIGN 

The  design  shown  in  Fig.  15  is  offered  for  your  comment 
by  way  of  suggestion  for  improved  practice.  It  is  essentially  a 
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rectangular  shaft,  the  curved  end  being  designed  to  include 
any  area  required  for  pipes  and  ventilating  current.  This 
area  may  vary  from  nothing  to  a  large  semi-circular  compart¬ 
ment,  according  to  conditions.  In  the  case  of  a  mine  having 
two  upcast  shafts,  to  one  downcast,  the  cageways  themselves, 
in  spite  of  the  baffling  action  due  to  hoisting,  may  supply  suffi¬ 
cient  area  for  the  return  air  current.  The  double  track,  high 
arched  main  headings  usually  provided  at  the  shaft  bottom 
give  sufficient  area  to  reduce  the  air  velocity  to  a  point  insur¬ 
ing  comfortable  working  conditions,  but  there  is  no  reason  why 
this  low  velocity  should  be  maintained  in  the  actual  shaft.  The 
reason  for  providing  extra  area  in  the  shaft  lies  solely  in  re¬ 
ducing  the  resistance  to  the  air  current.  As  the  length  of  the 
shaft  is  usually  a  small  portion  of  the  total  travel  of  the  cur¬ 
rent,  it  is  obvious  that  a  restriction  of  the  area  here  will  not 
increase  the  power  required  to  drive  the  current  in  proportion, 
so  that  the  excess  area  required  is  not  so  great  as  may  he 
supposed. 

In  the  case  where  no  air  way  is  required,  if  the  modern 
practice  of  leading  pump  and  compressed  air  lines  down  sepa¬ 
rate  boreholes  is  followed,  the  shaft  may  be  rectangular,  being 
symetrical  about  the  center  between  cageways,  and  only  long 
enough  to  include  the  end  guides.  The  space  between  the  cage 
and  end  wall  should  be  ample  to  contain  all  wires  and  pipes 
required.  If  necessary,  the  end  guides  can  be  spaced  a  little 
away  from  the  end  wralls  to  allow  more  room  for  pipes.  Pipes 
may  be  supported  directly  on  the  concrete  walls,  by  means  of 
one  of  the  several  types  of  patented  devices  intended  for  at¬ 
taching  shafting,  etc.,  to  concrete  buildings. 

I  would  use  steel  guides,  supporting  them  directly  on  the 
shaft  wall,  using  cast  steel  slippers  attached  to  the  corners  of 
the  cage  at  top  and  bottom,  of  the  type  shown  in  Fig.  16. 

In  order  to  facilitate  the  accurate  lining  up  of  these  guides, 
which  should  be  done  with  the  help  of  a  template,  or  gauge,  in 
addition  to  the  plumb  lines,  I  have  provided  the  wooden  block 
shown,  and  indicated  slotted  bolt  holes  in  the  holding  clamps. 
The  base  plate  fits  closely  over  the  bolts,  however,  and  a  screw 
clamp  may  be  attached  to  it  while  tightening  up  the  clamp 
bolts,  so  as  to  bring  the  rail  to  precise  line.  This  screw  clamp, 
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of  course,  would  be  removed  as  soon  as  the  particular  fasten¬ 
ing  to  which  it  has  been  attached  has  been  made  secure. 

New  rails  of  minimum  variation  should  be  used,  a  weight 
of  60  lb.  per  yard  is  recommended.  The  ends  should  be  slightly 
beveled  and  secured  together  with  steel  dowels.  The  slipper 
may  be  9  to  12  inches  long,  and  bell  mouthed  at  each  end.  A 
clearance  of  not  over  y$  inch  is  suggested,  so  that  a  suitable 
heavy  lubricant  may  be  retained.  An  improvement  on  such 


slippers,  suggested  by  the  English  writer  above  referred  to, 
consists  of  lining  them  with  anti-friction  metal,  and  of  course, 
grease  cups  might  also  be  added,  but  these  improvements,  while 
no  doubt  pertinent  to  the  long,  high  speed  hoists  of  England, 
are  hardly  necessary  for  our  conditions. 

If  this  use  of  guides  at  the  cage  corners  be  thought  too 
much  of  an  innovation,  the  guides  mayA>e  secured  directly  to 
the  straight  end  wall,  thus  eliminating  one  or  two  lines  of  bun- 
tons  as  the  case  may  be. 
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DISCUSSION 

Mr.  R.  G.  Johnson  :*  I  was  very  fortunate  in  receiving 
an  advance  copy  of  the  paper  which  we  have  just  listened  to. 
1  have  prepared  a  few  paragraphs  commenting  on  the  subject 
matter  of  Mr.  Weldin ’s  article. 

May  I  say  first,  that  to  my  mind,  the  paper  covers  the 
subject  of  linings  in  an  exceptionally  good  manner,  and  I  am 
very  glad  to  see  that  he  has  broken  from  the  general  trend  in 

the  originality  of  one  or  two  of  his  points  in  the  design  for  an 

ideal  shaft. 

Mr.  Weldin  is  quite  right  that  it  is  not  necessary  to  design 
the  linings  to  resist  the  pressure  which  would  be  produced 

by  water  with  a  head  equal  to  the  depth  of  the  shaft.  How¬ 

ever,  since  the  bringing  in  of  the  grouting  system,  whereby 
concrete  linings  are  made  water-tight,  it  is  necessary  to  design 
so  that  the  lining  can  withstand  the  pressure  of  water  at  any 
point  in  the  shaft.  This  does  not  mean  that  because  the  water 
comes  from  a  point  300  ft.  down  in  the  shaft  that  it  will  have 
a  head  of  300  ft.  Only  last  week  I  measured  the  pressure  of  a 
stream  at  a  depth  of  119  ft.,  and  the  gauge  registered  only  20 
lb.  It  would  then  follow  that  the  lining  at  this  point  would 
have  to  be  constructed  to  withstand  this  pressure  temporarily, 
i.  e.  until  the  lining  and  the  seams  in  the  rock  surrounding  tin* 

♦Engineer,  The  Dravo  Contracting  Company,  Diamond  Bank  Bldg., 

Pittsburgh. 
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lining  were  completely  grouted  full,  after  which,  if  it  were  pos¬ 
sible,  all  reinforcement  could  be  removed  from  the  lining.  Be¬ 
fore  I  go  any  further,  I  would  like  to  say  frankly  that  I  believe 
this  is  the  greatest  lack  in  Mr.  Weldin’s  paper.  He  has  almost 
completely  ignored  the  grouting  of  linings,  which  feature  has 
come  to  be  essential  in  the  lining  of  shafts  constructed  within 
the  last  year  or  so,  in  the  bituminous  regions. 

Mr.  Weldin  has  discussed  the  drainage  of  shafts.  In  a 
modern  shaft,  as  it  is  constructed  today,  no  permanent  drain¬ 
age  is  provided,  and  no  rings  are  constructed  in  the  shafts.  \ 
shaft  was  just  completed  under  my  supervision,  which  made 
from  100  to  125  gallons  of  water  per  minute  before  the  lining 
was  completed.  The  shaft  was  turned  over  to  the  Ellsworth 
Collieries  Company  about  a  week  ago,  making  one  quart  of 
water  per  minute.  This  was  a  circular  shaft  12  ft.  inside  di¬ 
ameter,  with  a  12  in.  concrete  lining.  The  water  was  cut 
through  while  sinking,  and  when  the  lining  was  being  erected, 
drainage  pans,  or  channels,  were  constructed  next  to  the  rock 
rib  and  held  in  place  by  bracing  to  the  form.  Pipes  were  con¬ 
nected  to  these  drainage  channels  which  led  to  the  concrete 
form.  These  pipes  conducted  the  water  while  the  concrete  was 
being  placed.  In  a  word,  these  drainage  pans,  or  channels,  are 
like  huge  blisters  attached  to  the  rock  rib  of  the  shaft.  After 
the  lining  had  been  completed,  except  for  the  grouting,  it  was 
allowed  to  set  for  about  two  weeks.  Cement  grout  was  then 
injected  into  the  pipes  which  led  from  the  drip  pans.  The 
lining  was  not  reinforced  in  any  way.  There  were  a  number  of 
small  leaks  which  trickled  down  the  lining  after  the  shafts  were 
completed,  and  we  accordingly  dug  out  pockets  and  cemented  in 
pipe  nipples  at  the  points  where  the  leaks  occurred.  Cement 
grout  was  then  forced  into  these  holes,  and  from  a  leakage  in 
the  shaft  of  about  5  gallons  per  minute,  the  flow  was  cut  down 
to  about  a  quart. 

Watertight  mine  shaft  linings  are  being  constructed  as  a 
result  of  the  success  which  was  obtained  in  shafts  on  the  New 
York  Catskill  Aqueduct.  The  company  with  which  I  am  con¬ 
nected  sunk  over  50  percent  of  these  shafts,  something  over 
25  in  number.  All  except  three  of  these  were  concrete  lined. 
Probably  50  percent  of  them  were  grouted  until  they  were  prac- 
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tically  dry,  the  balance  of  the  shafts  making  no  water  at  all 
Probably  the  best  experience  in  constructing  concrete  lining  for 
grouting  purposes,  we  gained  in  Shaft  No.  4  near  Jerome  Park 
Reservoir,  New  York  City.  I  have  brought  a  blue  print,  made 
from  a  sketch,  which  I  made  when  the  lining  was  constructed. 
The  details  shown  in  the  sketch  are  practically  as  used  today, 
and  if  any  are  interested,  I  shall  be  glad  to  go  into  its  con 
struction  more  fully  later. 

While  I  am  on  the  matter  of  grouting  linings,  I  would  say 
that  what  is,  as  far  as  my  knowledge  goes,  the  biggest  attempt 
to  seal  off  water  in  a  mine  shaft  by  concrete  lining,  is  a  work 
which  our  company  is  doing  for  the  E.  J.  Berwind  interests 
in  southern  West  Virginia,  near  Welch.  The  greatest  factor  in 
driving  the  mining  company  into  the  hands  of  receivers,  from 
whom  it  was  bought  by  Mr.  Berwind,  was  the  pumping  of  the 
excessive  quantity  of  water  from  the  shafts.  Our  plans  are 
simply  these,  and  work  is  progressing  well  along  these  lines. 
We  are  trimming  the  shaft  to  get  a  lining  of  a  certain  thick¬ 
ness.  One  inch  bars,  placed  horizontally,  are  bent  in  shape  to 
take  the  maximum  stress  in  a  continuous  beam.  Steel  H-beam 
buntons  are  placed  at  five  foot  intervals  in  the  shaft  to  act 
as  cross  struts.  At  the  ends  of  these  H-beams  are  plates,  and 
behind  these  plates  ll/2  inch  rods  run  vertically.  These  rods 
transmit  the  stress  from  the  horizontal  rods  between  the  bunton 
to  the  bunton.  I  had  rather  not  take  up  your  time  going  into 
a  discussion  of  the  problems  which  presented  themselves  to  me, 
after  an  examination  of  this  shaft,  preparatory  to  making  tin* 
Berwind  people  a  proposition  for  this  work.  I  shall  be  glad 
to  go  into  this  later  with  any  who  are  particularly  interested, 
for  I  fear  that  I  am  digressing  from  the  discussion  of  Mr. 
Weldin’s  paper. 

Mr.  Weldin  mentions  the  sealing  of  wet  shafts  early  in  his 
paper,  but  states  that  the  only  inflow  of  any  consequence  is 
from  surface  water,  and  that  this  can  be  handled  at  the  first 
clay  seam  near  the  surface.  My  experience  tells  me  that  in  the 
Connellsville,  Brownsville  and  Washington  County  regions, 
some  little  water,  from  50  to  100  gallons  per  minute,  is  en¬ 
countered  in  the  first  125  ft.,  after  which  little  is  struck  until 
just  above  the  “Pittsburgh  Seam”  of  coal,  when  another  inflow 
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occurs.  This  latter  inflow  occurs  particularly  in  the  region  be¬ 
tween  Brownsville  and  Uniontown.  Outside  of  these  limited 
regions  which  I  have  mentioned,  I  find  that  one  is  likely  to 
strike  water  anywhere  and  at  any  time;  particularly  is  this  so 
in  the  central  Pennsylvania  coal  fields  on  the  other  side  of 
Johnstown.  In  the  neighborhood  of  Du  Bois  the  country  is 
known  as  a  wet  one.  Ohio  is  not  known  as  dangerous  sinking 
ground.  Central  West  Virginia  is  considered  pretty  wet.  Some 
shafts  in  southern  West  Virginia  have  been  very  wet,  particu¬ 
larly  the  Jed  Shaft  near  Welch,  which  I  have  spoken  of  above. 
Shafts  in  the  coal  fields  near  Birmingham,  Alabama,  are  not 
very  wet,  some  having  been  so  dry,  even  at  a  depth  of  600  ft., 
that  the  ribs  were  white.  Northeastern  West  Virginia  is  mod¬ 
erately  wet.  Western  Kentucky,  Illinois  and  Indiana  shafts 
are  not  known  as  wet  ones.  The  country  above  Johnstown  is 
known  to  shaft  sinkers  as  the  most  consistently  wet  sinking 
ground.  I  give  this  brief  review  of  water  conditions  to  show 
that  designs  for  concrete  linings  to  withhold  water  pressure, 
cannot  be  definitely  determined  before  the  ground  is  penetrated. 
Contracts  for  water  scaled  shafts  outside  of  this  particular 
region  should,  therefore,  include  provisions  for  unusual  methods 
in  case  unusual  quantities  of  water  are  encountered.  However, 
experiencing  some  of  the  troubles  in  the  lining  of  some  of  the 
New  York  shafts  and  tunnels,  the  methods  and  designs  we  are 
called  upon  to  furnish  in  any  of  the  sections  mentioned  are 
usually  very  simple,  indeed. 

Mr.  Weldin  is  quite  right  in  that,  by  reason  of  the  prac¬ 
tically  uniform  character  of  the  different  strata  in  this  section, 
little  more  than  a  mere  veneering,  to  prevent  weathering,  is 
all  that  is  actually  required.  This  would  hold  in  all  of  the 
sandstones  and  limestones  above  the  ‘  ‘  Pittsburgh  Coal  ’  There 
are,  however,  fireclays  and  bastard  fire  clays  which  disintegrate 
and  peel  off.  These  would  require  thicker  linings.  However, 
a  certain  specified  thickness  of  lining  should  certainly  be  re¬ 
quired,  and  allowance  made  if  an  increased  lining  is  needed. 
This  is  obviously  to  make  the  specifications  as  definite  as  pos¬ 
sible  in  the  contract. 

Mr.  Weldin ’s  remarks  on  timber  lined  shafts  are  generally 
true  to  conditions  as  I  know  them,  but  I  must  remark  that  1 
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have  never  seen  a  timber  lining  such  as  he  marks  as  typical  hi 
his  sketch.  Only  in  extreme  cases  are  rods  required  to  hold  the 
wall  plates  together,  and  never  have  I  seen  punch  blocks,  or 
posts,  in  the  center  of  the  buntons,  except  at  the  Red  Jacket 
Shaft  of  the  Calumet  &  Ileela  Copper  Company  near  Hough¬ 
ton,  Michigan,  and  here  the  shaft  was  divided  into  very  small 
compartments  for  skips.  I  understand  that  other  shafts  in  that 
country,  using  skips,  have  the  same  scheme  of  timbering,  but 
it  is  never  done  around  here  to  my  knowledge. 

Mr.  Weldin  speaks  of  a  timbered  shaft  requiring  a  renewal 
of  its  lining  twice  within  the  life  of  the  shaft.  This,  of  course, 
depends  upon  the  acreage  and  methods  of  the  operating  com¬ 
pany,  and  so  is  rather  indefinite.  The  H.  C.  Frick  Coke  Com¬ 
pany  have  just  retimbered  one  of  the  Leisenring  shafts  near 
Connellsville  about  twenty  years  after  its  installation.  Again, 
my  company  has  just  repaired  the  lining  of  a  shaft  about  1  *> 
miles  from  Pittsburgh,  which  lining  was  constructed  only  11 
years  ago.  In  two  or  three  more  years  the  shaft  will  require 
a  complete  relining.  Little  care  was  taken  of  the  timber  i?i 
this  shaft,  however,  and  I  believe  that  a  yellow  pine  or  white 
oak  timber  lined  shaft  will  probably  last,  with  reasonable  re¬ 
pairing,  from  18  to  20  years.  A  timber  lining,  properly  con¬ 
structed,  should  be  packed  between  the  lagging  and  the  rib  with 
firm  timber  slabs  and  blocking. 

I  have  listened,  with  a  great  deal  of  interest,  to  the  remarks 
regarding  actual  design  of  the  shaft  lining  for  strength.  He 
states  that  the  arching  of  the  ends  of  a  shaft  is  not  done  for 
strength.  My  contention  is  that  in  an  up-to-date  shaft,  where 
the  water  will  be  sealed  off,  and  where  probably  90  percent  of 
the  rock  is  rigid,  giving  the  ends  of  the  arch  fixed  abutments, 
arch  action  will  take  place  when  the  grouting  is  being  done, 
and  so  it  will  be  a  case  of  using  the  arch  end  for  strength.  rt 
is  very  true  that  in  strata  which  exert  no  pressure,  a  rectangular 
section  is  as  good  as  one  with  arched  ends.  The  advantages  of 
an  arched  end  to  a  shaft  are  two-fold.  First,  it  provides,  as 
Mr.  Weldin  has  well  stated,  a  convenient  compartment  for  pipes, 
wires,  etc.  In  the  next  place,  when  grouting  is  necessary,  it 
provides  a  stronger  section  than  a  flat  end  would.  A  disad¬ 
vantage  of  arched  ends  is  that  they  will  have  to  sustain  eccen- 
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trie  loading  from  the  sides  as  Mr.  Weldin  has  stated.  In  any 
case,  where  the  section  it  to  be  water  sealed,  I  would  place  re¬ 
inforcement  to  overcome  the  effect  of  such  stresses  as  Mr. 
Weldin  shows  in  his  Fig.  5,  which  breaking  stress  will  occur 
where  the  ground  exerts  equal  pressure  around  the  entire  peri¬ 
meter  of  an  elliptical  shaft.  The  harder  strata  form  between 
90  and  100  percent  of  the  columnar  section  of  the  rock  in  this 
section,  so  that  the  shaft  should  be  designed  for  the  hard  rock, 
i.  e.  figuring  rigid  abutments  for  arched  ends  to  withstand 
grouting  when  needed.  Then,  in  the  soft  strata,  reinforcing 
should  be  placed  to  take  stresses  which  will  occur.  In  soft 
shale  and  bastard  fireclays  that  squeeze,  such  as  are  found  in 
northeastern  West  Virginia  and  western  Maryland,  the  shaft 
should  be  designed  primarily  for  its  adaptability  to  the  soft 
strata. 

Mr.  Weldin  has  written  a  very  interesting  paragraph  on 
the  drop  shafts,  and  a  word  of  comment  on  this  may  be  of 
interest.  Where  ground  is  at  all  soft  in  this  section,  such  as 
found  on  the  left  bank  of  the  Monongahela  River  from  Browns¬ 
ville  up  about  25  miles,  drop  shafts  are  an  economical,  and  by 
far  the  safest,  method  of  construction.  These  are  simply  open 
caissons  sunk  to  the  rock,  and  aside  from  the  fast  that  they 
should  be  made  larger  on  the  inside  dimensions  than  the  fin¬ 
ished  shaft  is  to  be,  to  take  care  of  the  possibility  of  the  caisson 
settling  out  of  plum,  they  do  not  present  any  unusual  con¬ 
structional  difficulties.  Excavation  is  handled  either  with  an 
orange  peel  bucket,  or  by  hand  shovels.  Compressed  air  is  not 
necessary  in  the  comparatively  limited  area  of  soft  ground  in 
this  section.  Shafts  for  the  iron  mines  on  the  Mesaba  Range 
in  Northern  Minnesota  and  in  Northern  Michigan,  offer  the  best 
experience  in  soft  ground  sinking,  and  here  the  newer  shafts 
are  nearly  all  circular. 

Mr.  Weldin ’s  paragraph  on  steel  linings  is,  I  believe,  par¬ 
ticularly  good.  From  the  fact  that  of  all  elements  in  a  mining 
plant  the  shafts  are  the  most  neglected,  I  say  that  the  less 
unprotected  steel  used,  the  better. 

Mr.  Weldin ’s  notes  on  concrete  timber  are  of  particular 
interest  to  me,  for  the  reason  that  a  number  of  years  ago  Mr. 
R,  M.  Dravo  and  INI r.  Francis  Donaldson  patented  a  scheme  of 
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reinforced  concrete  timbers,  and  later,  applications  for  patent 
on  a  little  different  scheme  of  concrete  timbering  were  made  by 
myself.  At  that  time  the  Frick  Coke  .Company  were  doing  more 
shaft  sinking  that  any  other  one  company,  and  the  idea  of  the 
concrete  timbers  and  lagging  was  put  up  to  the  engineers  of  that 
company.  The  cost  of  a  shaft  timbered  with  concrete  timbers 
was  just  midway  between  the  cost  of  a  yellow  pine  timber  shaft 
and  a  shaft  with  an  elliptical  concrete  lining.  The  proposition 
was  new  and  apparently  the  Frick  Coke  Company  were  afraid 
of  it.  With  the  later  decrease  in  the  cost  of  concrete  linings, 
the  idea  was  given  up  as  not  being  as  efficient  and  practicable 
as  the  present  day  concrete  lining.  Certainly  with  the  advent 
of  the  water  sealing  process  in  shaft  linings,  the  proposition 
must  go  behind  the  boards,  unless  we  concrete  behind  the  con¬ 
crete  lagging,  as  was  done  in  one  or  two  of  the  Northern  Michi¬ 
gan  shafts. 

I  note  that  Mr.  Weldin  has  spoken  of  steel  buntons  made 
up  of  two  12-inch  channels.  As  I  recall  the  section  of  which 
I  believe  he  is  speaking  the  flanges  were  turned  in.  This  I 
thought  a  bad  element  in  the  design,  for  the  obvious  reason  that 
the  steel  could  not  be  painted  after  placing,  and  it  would  be  a 
good  lodging  place  for  fine  coal  and  muck  from  the  cages,  since, 
as  I  recall  it,  the  flanges  of  the  channel  did  not  meet.  The 
ideal  bunton,  in  my  opinion,  is  a  heavy  section  of  steel  H-beam, 
which,  if  not  constructed  to  act  as  a  strut,  as  would  be  necessary 
in  case  of  a  lining  built  to  stand  grouting  pressure,  will  not 
need  be  over  six  inch  depth  and  flange.  Steel  buntons  in  a 
mine  shaft  should  be  heavily  painted,  and  we  are  at  present 
using  a  paint  made  up  of  eight  parts  of  coal  tar,  one  part  of 
kerosene,  to  one  part  of  portland  cement.  (Mr.  Weldin  will 
recognize  this  paint,  since  I  obtained  my  information  as  to  its 
value  from  his  chief  engineer,  Mr.  Beeson.)  It  is  a  cheap  com¬ 
bination  and  apparently  is  as  good  as  many  other  much  higher 
priced  steel  protecting  paints. 

Mr.  Weldin  speaks  of  buntons  made  of  beams  and  channels 
covered  with  concrete.  I  took  particular  note  of  buntons  of  this 
type  in  the  Bunsen  Coal  Company’s  shafts  near  Clinton,  Ill. 
I  noted  particularly  that  the  concrete  had  been  cracked  off  of 
a  large  number  of  the  buntons,  due  to  lumps  of  falling  coal  and 
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the  vibration  of  the  guides.  In  one  of  their  'shafts  they  hal 
placed  two  inch  plank  on  the  tops  of  the  buntons  to  protect 
them,  and  if  concrete  buntons  are  decided  on  in  any  design,  I 
would  certainly  suggest  that  arrangements  be  made  to  protect 
them  in  some  way. 

In  regard  to  the  spacing  of  buntons  in  concrete  shafts,  if 
there  is  no  pressure  exerted  on  the  sides,  Mr.  Weldin  is  un¬ 
doubtedly  right  that  the  vertical  spacing  need  not  be  closer  than 
12  or  15  ft.,  and  this  merely  for  the  stiffening  of  the  guides. 
However,  I  think  it  will  be  some  time  before  practical  shaft 
men  will  agree  to  any  material  reduction  in  the  five  or  six  foot 
spacing  usually  followed.  Designers  of  concrete  linings  are  be¬ 
coming  bolder  as  regards  decreasing  the  thickness  of  the  lin¬ 
ing,  yet  I  believe  nearly  all  recognize  the  value  of  the  buntons 
as  a  strut  to  provide  against  the  possibility  of  slips  in  the 
strata,  etc.  In  many  sandstones,  limestones  and  shales,  par¬ 
ticularly  in  sections  other  than  the  Pittsburgh  region,  we  have 
experienced  huge  slips.  I,  for  one,  will  go  slow  in  suggesting 
a  material  reduction  in  the  spacing. 

Mr.  Weldin  gives  6  by  8  inches  as  the  size  of  the  guides 
sanctioned  by  the  best  practice.  I  don’t  believe  this  is  the 
best  practice.  I  believe  his  guide  is  too  small.  The  Prick 
Coke  Company  uses  8  by  10  inch — about  40  percent  increase  in 
the  section  over  the  guide  he  recommends,  and  I  know  of  very 
few  concerns  of  any  size  that  advocate  so  small  a  guide  as  6 
by  8  in. 

He  mentions  steel  guides  being  successfully  used  in  Europe. 
They  are  certainly  a  rare  installation  in  this  country.  The 
Tennessee  Coal  &  Iron  Company,  in  their  shafts  near  Ensley, 
Alabama,  are  using  a  steel  H-beam  guide,  with  a  cast  steel  rack, 
riveted  to  each  side  of  the  web. 

I  note  that  the  paper  states  that  stairways  are  usually 
placed  in  a  compartment  of  the  hoist  shaft.  To  place  them  in 
the  operating  shaft  is  an  exceptionally  good  and  convenient 
arrangement,  as  he  has  stated,  but  by  far  in  the  large  ma¬ 
jority  of  shafts  that  I  have  seen,  the  stairway  is  in  the  air 
shaft,  separated  from  the  air  compartment  by  a  partition  at 
the  buntons. 
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In  regard  to  Mr.  Weldin’s  suggested  design  for  a  concrete 
hoisting  shaft,  I  would  say  that  as  far  as  the  lining  goes,  if 
both  ends  and  the  sides  are  reinforced  in  soft  strata,  or  in 
strata  that  will  disintegrate,  and  also  through  water  bearing 
strata,  for  water  sealing  purposes,  I  believe  the  lining  would  be 
of  good  shape,  but  I  note  he  fails  to  provide  for  the  stairway 
which  he  suggests  should  be  in  the  hoist  shaft.  A  partition  be¬ 
tween  the  cageways  and  a  stairway  compartment,  constructed 
of  reinforced  concrete,  should  serve  an  admirable  purpose  as  a 
strut  and  be  a  good  point  in  the  design.  I  shall  not  venture  a 
criticism  regarding  his  scheme  of  guides  governing  the  cages 
as  they  do  from  diagonal  corners.  Unquestionably,  someone 
experienced  in  hoisting  problems  can  discuss  this  point  to  bet¬ 
ter  advantage. 

In  conclusion,  it  may  be  of  practical  value  to  some  to 
learn  a  detail  or  two  regarding  a  patent  on  a  method  for  seal¬ 
ing  timber  lined  shafts  lately  granted.  The  method  used  is 
simply  to  remove  the  lagging  behind  a  set  of  wall  plates,  just 
above  a  water  ring.  Concrete  is  placed  behind  the  lagging 
of  the  set  at  the  ring,  reinforced  with  steel  and  separated  from 
the  rock  rib  by  drainage  pans  and  channels.  Grout  pipes  are 
run  through  to  the  lagging.  Each  successive  set  is  lined  behind 
the  timber  in  this  way,  until  the  water-bearing  seams  are  pass¬ 
ed.  The  seams  are  then  grouted  as  in  an  ordinary  concrete 
lining.  Under  this  scheme  I  believe  it  possible  to  take  any 
timber  lined  shaft  and  make  it  water-tight.  It  is  possible  that 
the  advantages  of  this  scheme  may  appeal  to  some  mining 
engineers  or  operators  here,  who  are  piping  rings  to  the  bot¬ 
tom  of  their  shafts  and  then  pumping  the  same  water  again 
to  the  surface. 

Mr.  P.  A.  McDonald  :*  I  did  not  come  here  prepared  to 
present  any  discussion  on  this  subject,  which  is  a  very  inter¬ 
esting  one  to  mining  men,  not  having  even  examined  the  topics 
suggested  for  discussion. 

I  think  Mr.  Weldin  and  Mr.  Johnson  have  covered  the  de¬ 
tails  involved  in  several  of  the  shafts  with  which  I  have  had 

•Chief  Engineer,  National  Mining  Company,  Carnegie  Building,  Pitts¬ 
burgh. 
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connection,  and,  if  I  am  not  mistaken,  some  of  the  data  and 
illustrations  have  been  taken  from  these  shafts. 

The  matter  of  rendering  shafts  dry  is  one  that  interests  me 
especially  at  this  time  as  I  am  now  engaged  with  the  help  of  Mr. 
Johnson  and  the  Company  he  represents,  in  lining  with  con¬ 
crete  a  circular  air  shaft  200  ft.  deep,  the  sole  purpose  of  this 
lining  being  to  shut  off  the  influx  of  water  and  prevent  freezing 
in  winter. 

This  shaft  was  sunk  some  years  ago  and  had  been  used  as 
an  upcast  until  a  recent  date;  it  had  been  lined  with  brick  un¬ 
til  solid  rock  was  reached  from  which  point  it  was  unlined 
as  the  rock  was  reasonably  firm  and  there  was  no  necessity  for 
doing  so.  At  several  places  in  the  shaft  water  was  encountered 
but  not  of  serious  volume,  some  rings  were  in  and  pipe  led  to 
the  foot  of  the  shaft,  but  owing  to  the  irregularity  of  the  sides 
some  water  trickled  over  projections  and  reached  the  bottom 
in  the  form  of  spray. 

This  shaft  was  furnished  with  steel  ladders  bolted  to  the 
sides  of  the  shaft  with  shelter  holes  out  in  the  sides  of  shaft 
half  way  up,  such  ladders  and  shelter  holes  to  be  used  as  a  means 
of  escape  in  case  of  accident  only. 

As  long  as  this  shaft  was  used  as  an  upcast  the  small 
amount  of  water  was  not  a  particularly  objectionable  feature 
except  as  to  the  resistance  the  falling  water  offered  to  the  ven¬ 
tilating  current.  To  meet  the  requirements  of  the  Mining  Law 
of  1911  it  has  become  necessary  to  use  this  as  a  downcast  shaft, 
and  the  danger  of  freezing  even  in  moderately  cold  weather  has 
necessitated  the  lining  of  the  shaft  throughout  and  rendering  it 
impervious  to  water,  and  this  we  are  now  doing  by  using  con¬ 
crete  lining  with  the  intention  of  grouting  the  water  bearing 
strata. 

I  do  not  think  rings  could  be  used  successfully  with  pipes 
either  inside,  or  outside,  the  lining  of  such  a  shaft,  which 
has  neither  a  mechanical  hoist  nor  steam  available  for  thawing 
purposes ;  hence,  the  water  must  be  held  back  within  the  strata. 

Mr.  Harry  J.  Lewis:*  We  are  much  indebted  to  Mr.  Wel¬ 
don  for  his  collection  of  information  relating  to  concrete  shaft 
linings.  The  use  of  concrete  in  shaft  linings  offers  very  ma- 

♦Consulting  Engineer,  336  Fourth  Ave.,  Pittsburgh. 
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terial  advantages  over  the  wooden  lining,  in  that  there  is  i 
possibility  of  stopping  off  entirely  much  of  the  water  which  is 
met  in  sinking.  The  water  which  is  developed  in  shaft  sinking 
is  of  two  classes :  One  where  the  water  is  stopped  by  a  horizon¬ 
tal  stratum  of  clay  or  other  impervious  material,  and  the  other 
where  the  water  flows  in  vertical  fissures  without  any  definite 
horizon.  In  the  first  case  it  is  possible  to  seal  off  the  water 
entirely  and  be  rid  of  it,  and  in  the  second  it  is  liable  to  re¬ 
appear  in  the  mine. 

In  any  event,  the  water  should  be  sealed  off  as  completely 
as  possible  while  sinking  and  lining  the  shaft;  and  until  th** 
depth  becomes  prohibitive,  provision  should  be  made  for  the 
full  hydrostatic  pressure  from  the  surface  to  the  depth  of  stop¬ 
ping.  When  the  depth  becomes  too  great  for  lining  against 
the  full  head,  it  will  be  found  in  most  cases  that  the  greater 
portion  of  the  shaft  water  has  been  left  behind  if  the  stop¬ 
ping  at  the  impervious  strata  has  been  thoroughly  made.  The 
primary  object  in  excluding  water  from  the  shaft  is  to  avoid 
pumping:  the  secondary  consideration  is  to  prevent  ice  from 
forming  in  the  shaft.  These  general  considerations  hold  good 
for  almost  all  cases,  but  the  method  of  treatment  should  be  ad¬ 
justed  to  the  individual  case.  It  will  probably  be  found  ad¬ 
visable  to  change  the  form  and  type  of  lining  for  different 
depths  and  conditions  in  the  same  shaft. 

This  introduces  more  varying  elements  into  the  work  than 
in  wood  lined  shafts,  and  in  contract  work  the  items  for  coir, 
pensation  should  be  separated  into  their  natural  divisions  such 
as  excavation,  pumping,  concrete,  reinforcement,  etc.,  so  that 
conditions  developed  in  sinking  can  be  properly  treated  without 
loss  or  dispute  by  either  party. 

A  considerable  investment  in  shutting  off  water  entirely  is 
fully  justified  when  it  is  considered  as  an  offset  against  the 
expense  of  pumping  during  the  life  of  the  mine.  This  reduc¬ 
tion  of  operating  cost,  together  with  the  freedom  from  cost  and 
delay  of  relining  and  the  practical  immunity  from  destruction 
bv  fire,  constitute  the  main  considerations  in  favor  of  concrete 
or  other  forms  of  permanent  shaft  linings.  True  economy 
would  dictate  that  the  original  lining  should  provide  against 
these  contingencies  as  far  as  can  be  foreseen. 
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Mr.  W.  M.  Judd  •*  I  have  listened  with  great  interest  to 
the  reading  of  Mr.  Weldin ’s  paper  and  he  is  certainly  to  be 
commended  for  the  thorough  manner  in  which  he  has  outlined 
the  subject.  There  are  many  points  of  interest  incidental  to 
the  design  of  linings  for  mine  shafts  suggested  by  Mr.  Weldin’s 
paper  upon  which  much  could  be  written  and  I  can  only  touch 
upon,  in  a  general  way,  a  few  of  these  at  this  time. 

In  his  introductory  remarks  Mr.  Weldin  has  stated  that  his 
paper  is  to  be  confined  to  consideration  of  design,  as  distin¬ 
guished  from  the  actual  shaft  sinking.  It  is  evident  that  the 
two  subjects  cannot  be  completely  divorced.  The  cost  of  sink¬ 
ing  and  the  plant  to  be  provided  for  sinking  may  be  materially 
affected  by  the  design  adopted;  on  the  other  hand,  conditions 
may  call  for  a  method  of  shaft  sinking  which  practically  dic¬ 
tates  the  design  of  the  lining.  This  is  well  illustrated  by  the 
forms  of  lining  adopted  to  meet  the  severe  conditions  encounter¬ 
ed  in  European  practice,  to  which  Mr.  Weldin  refers. 

In  the  bituminous  coal  region  of  this  country,  for  the  depths 
to  which  it  has  been  necessary  to  sink  shafts  up  to  the  present 
time,  it  is  doubtless  true  that  general  conditions  are  sufficiently 
well  known  so  that  designs  of  lining  can  be  made  which  will  be 
applicable  for  widely  separated  districts.  But  when  we  get 
more  than  a  spade’s  length  below  the  surface  of  the  ground, 
the  exceptions  to  all  rules  are  many,  and  any  design  of  lining 
adopted  must  be  sufficiently  flexible  to  take  care  of  the  unex¬ 
pected  condition  on  very  short  notice.  In  many  district 
enough  information  can  often  be  secured  from  the  records  of 
adjoining  shafts  records  of  any  drill  holes  that  may  have  been 
sunk  for  any  purpose  in  the  neighborhood,  a  study  of  the 
out-cropping  strata,  etc.,  to  serve  as  a  basis  for  a  rational  design 
of  lining,  but  even  in  such  districts,  a  few  diamond  drill  holes 
in  the  immediate  vicinity  of  the  proposed  shaft  site,  as  men¬ 
tioned  by  Mr.  Weldin,  may  be  well  worth  their  cost  in  deter¬ 
mining  the  exact  local  conditions,  and  the  data  obtained  from 
such  drill  holes  may  be  of  even  greater  value  in  deciding  upon 
the  exact  location  of  the  shaft  for  the  most  economical  develop¬ 
ment  of  the  mine  in  the  vicinity  of  the  shaft  bottom. 

In  a  new  field  the  information  obtainable  at  best  may  be 

♦Of  W.  G.  Wilkins  &  Co.,  Engineers,  Westinghouse  Bldg.,  Pittsburgh. 
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meager,  and  the  engineer  must  be  prepared  to  meet  emergencies 
by  modifications  in  the  standard  design  when  necessary. 

The  developments  in  the  use  of  concrete  masonry  in  recent 
years  have  revolutionized  engineering  practice  in  every  field. 
Its  adoption  for  use  in  shaft  lining  was  less  rapid  than  in  other 
classes  of  construction,  partly  on  account  of  the  conservatism 
of  many  mine  operators  who  preferred  to  wait  until  the  other 
fellow  had  proved  the  adaptability  to  such  construction  and  part 
ly  because  of  its  greater  initial  cost. 

The  growing  scarcity  of  timber  suitable  for  shaft  lining 
and  its  rapidly  increasing  cost,  the  development  of  machinery 
and  equipment  for  handling  concrete  and  the  knowledge  and 
skill  that  contractors  have  acquired  in  concrete  construction, 
have  all  tended  to  reduce  the  comparative  difference  in  first 
cost,  and  for  any  mine  that  will  have  a  life  of  twenty-five  years 
or  more,  there  is  no  longer  any  question  but  that  the  concrete 
lining  is  more  economical. 

In  the  design  of  a  concrete  lining  some  assumption  as  to 
the  pressures  that  it  must  resist,  must  of  course  be  made.  I 
fully  agree  with  Mr.  Weldin  that  the  assumption  of  a  presure 
equal  to  the  static  head  corresponding  to  the  depth  of  a  given 
section  from  the  surface  is  excessive.  In  the  case  of  the 
timber  lined  shaft  there  was  no  static  pressure  from  the  water, 
as  the  water  flowed  through  the  broken  rock  strata  at  the  back 
of  the  lagging  from  top  to  bottom  of  shaft,  unless  intercepted 
by  water  rings.  The  only  effort  made  was  to  keep  the  water 
back  of  the  lagging,  with  very  indiffernt  success  in  many  cases, 
it  must  be  admitted.  In  the  shafts  sunk  in  Western  Pennsyl¬ 
vania  and  West  Virginia  of  which  I  have  personal  knowlegde 
empirical  sizes  of  timber,  approximating  those  shown  on  the 
typical  plans  of  timbering  submitted  by  Mr.  Weldin,  were  used 
from  top  to  bottom,  care  being  taken  to  pack  all  voids  between 
sides  of  excavation  and  lagging  to  prevent  movement  of  loosened 
rock  or  disintegrating  strata. 

As  a  matter  of  fact,  shafts  of  considerable  depth  have  been 
sunk  without  placing  any  permanent  lining  until  after  the  ex¬ 
cavation  was  completed.  Disregarding  water  pressure  for  the 
moment,  I  believe  Mr.  Weldin ’s  assumption  to  be  correct  that 
for  a  large  percentage  of  the  total  depth  of  shafts  in  the  regions 
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above  mentioned,  the  function  of  the  shaft  lining  is  that  of  a 
veneer  for  the  exposed  strata  and  no  greater  thickness  is  re 
quired  than  is  necessary  for  the  economical  placing  of  the  con¬ 
crete.  The  most  important  factor  to  be  considered  is  therefore 
the  water  pressure.  As  a  general  rule  the  greater  inflows  or 
water  are  encountered ’in  seams  between  strata  of  rock  of  dif¬ 
ferent  characters.  For  instance,  it  is  not  at  all  uncommon  to 
strike  such  an  inflow  at  the  top  or  bottom  of  the  small  seams 
of  coal  that  are  cut  through  in  reaching  the  coal  to  be  mined. 
Between  these  heavily  water-bearing  seams,  the  quantity  of 
water  percolating  through  the  rock  for  long  distances  may  be  so 
slight  that  no  provision  for  shutting  it  off  may  be  necessary 
other  than  the  placing  of  an  occasional  bleeder  pipe  of  small 
diameter  to  relieve  the  pressure  on  the  concrete  until  it  has 
received  its  permanent  set,  when  such  pipes  can  be  grouted 
tight.  The  lining  must  of  course  be  designed  to  resist  the  high 
pressure  frequently  encountered  in  the  areas  immediately  ad¬ 
joining  these  water  bearing  seams,  but  it  would  manifestly  not 
be  economy  to  adopt  as  standard  for  the  entire  depth  of  shaft 
the  section  designed  for  those  comparatively  limited  areas  of 
high  pressure. 

Alternate  designs  should  be  made  for  the  average  condition 
and  areas  of  possible  high  pressure  and  as  the  sinking  is  always 
carried  on  considerably  in  advance  of  placing  the  lining,  the 
engineer  will  have  time  to  adapt  his  typical  section  to  the 
conditions  developed  by  the  sinking.  There  are  many  inter¬ 
esting  questions  that  occur  to  one  relative  to  water  encountered 
in  shaft  sinking,  such  as  the  theoretical  pressure  to  be  expected 
from  water  bearing  seams  both  above  and  below  the  water  level 
of  a  district,  the  practical  method  of  shutting  off  the  water, 
the  quantity  of  water  which  it  is  advisable  to  intercept  and  lead 
to  the  bottom  in  any  particular  shaft,  of  which  I  cannot  speak 
at  this  time.  Some  of  these  are  quite  fully  discussed  in  the 
paper  of  the  evening  and  by  other  speakers. 

The  dimensions  of  a  hoisting  shaft  will  be  influenced  by  the 
thickness  of  the  seam  of  coal  to  be  worked,  the  proposed  daily 
output  of  the  mine,  and  the  depth  that  the  shaft  must  be  sunk 
to  reach  the  coal.  For  a  thick  seam  of  coal  the  mine  cars  wiJl 
be  made  of  as  large  capacity  as  can  be  economically  handled 
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on  the  haulage  ways  and  in  the  rooms  of  the  mine,  and  for  the 
average  daily  output,  a  cage  designed  to  carry  a  single  car 
will  meet  requirements. 

For  thin  seams,  the  cars  must  be  built  low  to  avoid  dead- 
work  in  headings  and  rooms,  so  that  in  order  to  obtain  the  re¬ 
quired  daily  capacity,  it  may  be  necessary  to  place  two  or  more 
cars  on  the  cage.  The  size  of  the  cage  in  a  large  measure  de¬ 
termines  the  interior  dimensions  of  the  shaft  lining 

The  cost  of  sinking  and  lining  a  shallow  shaft  may  be  so 
small  a  proportion  of  the  total  cost  of  the  plant  that  the  di¬ 
mensions  of  shaft  may  be  governed  by  the  most  economical 
methods  of  operation  at  top  and  bottom,  while  for  a  deep  shaft 
it  will  be  necessary  to  study  every  possible  economy  in  cost  of 
sinking  and  lining. 

That  in  the  transition  from  timber  to  concrete  there  are 
many  points  relative  to  the  detail  of  design  and  the  materials 
to  be  used  for  the  shaft  lining  and  its  accessories  which  are  by 
no  means  as  yet  standardized  is  clearly  brought  out  by  the 
author;  and  the  engineer  can  still  give  considerable  latitude  to 
his  judgment  in  deciding  upon  these  points  for  his  own  par¬ 
ticular  proposition. 

Mr.  Chester  B.  Albree:*  Mr.  Weldin  brought  up  the 
question  of  stairways  of  iron  for  mines.  The  suggestion  that 
concrete  steel  should  be  used  is,  I  think,  a  good  one.  There  is 
trouble  always  in  a  mine,  at  least  any  that  I  ever  had  connection 
with,  with  water.  And  water,  unfortunately,  has  a  tendency  to 
rust  out  steel.  We  have  built  a  good  many  stairways  with 
channel  iron  stringers  and  checker  plate  treads,  and  they  rust 
out  very  quickly.  Our  experience  has  been  that  the  spiral 
stairway  built  with  cast  iron  treads  and  wrought  iron  pipe 
and  railings  will  stand  better  than  anything  else.  We  have  put 
in  several  of  those  where  conditions  were  rather  strenuous. 
Our  men  would  have  a  stream  of  water  running  down  from  the 
upper  parts  of  the  shaft  all  the  time  they  were  erecting,  and 
had  to  work  in  rubber  suits.  A  continuous  stream  of  water 
on  any  iron  structure  is  severe.  With  a  wooden  stairway  it 
would  rot  out  very  quickly  and  become  very  slippery.  And, 

♦President,  Chester  B.  Albree  Iron  Works  Co.,  Pittsburgh. 
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while  it  is  very  convenient  to  have  landings  and  shoot  zig-zags 
in  mines,  at  the  same  time  making  platforms  and  zig-zags  adds 
very  materially  to  the  expense.  Where  it  is  made  of  cast  iron 
and  real  wrought  iron,  not  steel,  it  is  probably  the  best  that  can 
be  used  unless  a  concrete  stairway  is  made.  And  a  concrete 
stairway  is  difficult  to  build,  difficult  to  set,  and  it  requires  the 
lining  to  hold  it;  so  it  comes  down,  like  a  great  many  other 
things,  to  a  question  of  cost. 

Mr.  John  M.  Davidson:*  With  regard  to  spiral  stairways 
in  mine  shafts :  My  experience  has  been  that  it  is  somewhat 
objectionable  from  the  fact  that  walking  up  in  a  spiral  direction, 
without  the  halts  provided  in  a  zig-zag  stair  with  landings,  is 
tiresome  and  tends  to  give  some  rather  unpleasant  feelings. 
The  latter  of  course  is  not  a  very  serious  matter,  except  in  case 
of  accident  where  men  have  to  get  out  of  the  mine  quickly, 
and  anything  that  might  interrupt  their  progress — any  one  man 
coming  to  grief  on  the^  stairway — might  prevent  the  others  from 
coming  up.  I  do  not  quite  know  what  to  suggest  as  an  alterna¬ 
tive,  but  I  would  like  to  hear  some  gentleman  present  suggest 
the  best  form  of  stairway  for  shafts  not  provided  with  a  cage 
or  lift. 

On  a  spiral  stairway  it  would  appear  to  be  impracticable 
to  carry  a  wounded  person  on  a  litter. 

Mr.  F.  A.  McDonald  :  I  would  say  that  in  my  experience 
I  have  never  seen  any  design  of  stairways  for  mines  that  would 
permit  of  a  man  being  carried  out  on  a  stretcher  of  any  de¬ 
scription.  The  best  that  could  be  done  would  be  to  carry  out 
an  iniured  man  on  one’s  back,  and  manv  stairways  that  I  have 
traveled  would  not  even  permit  of  that  being  done. 

The  Author:  I  am  glad  to  have  heard  Mr.  Johnson’s  de¬ 
scription  of  his  latest  experience  in  shaft  sinking.  The  method 
of  sealing  is  not  entirely  new  to  me,  but  not  having  had  anv 
personal  experience  with  this  recent  development  I  did  not  feel 
competent  to  describe  it  in  the  paper.  I  feel  indebted  to  Mr. 
Johnson,  and  am  glad  to  have  suggested  his  name  to  lead  the 
discussion. 

*Civil  and  Mining  Engineer,  American  Sheet  &  Tin  Plate  Company, 
Frick  Bldg.,  Pittsburgh. 
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Of  course,  the  lining  should  be  strong  enough  to  withstand 
the  maximum  grouting  pressure,  which  Mr.  Johnson  shows  is 
very  much  less  than  the  full  hydro-static  pressure,  as  would  be 
expected  in  the  case  of  flow  through  fissures.  Certainly  the 
assumption  of  full  head  .is  excessive. 

As  so  clearly  stated  by  Mr.  Judd,  the  designer  must  he 
prepared  to  modify  his  design  to  suit  any  unusual  conditions 
as  they  are  revealed.  I  intended  to  bring  out  this  idea  in  stat¬ 
ing  that  it  is  natural  to  make  the  excavation  larger  in  passing 
through  the  softer  strata,  thus  providing  the  requisite  extra 
thickness.  In  addition,  of  course,  reinforcing  steel  should  be  on 
hand,  so  that  a  strong  band  may  be  made  at  any  point  where 
sealing  is  to  be  done. 

Our  experience  has  been  that  the  amount  of  water  we  get 
in  our  drainage  system  is  small,  and  as  we  generally  install  a 
system  for  sprinkling,  we  use  this  gravity  supply  for  this  pur¬ 
pose,  and  it  is  not  more  than  we  need.  However,  the  use  of 
sprinkling  systems  in  mines  may  soon  be  obsolete  by  reason  of 
the  use  of  exhaust  steam  to  moisten  the  air  current.  This 
seems  to  work  well  in  several  cases. 

In  regard  to  the  life  of  shaft  timbers,  of  course,  this  is  a 
highly  variable  factor.  It  is  often  necessary  to  begin  replacing 
timbers  8  or  10  years  after  the  shaft  has  been  put  into  service, 
while  some  timbers  have  been  known  to  last  30  years.  I  be¬ 
lieve  in  the  case  of  the  Leisenring  shaft,  mentioned,  some  tim¬ 
bers  were  replaced  several  years  ago.  Twenty  years,  however, 
is  probably  a  good  average.  As  many  of  the  best  equipped 
modern  shaft  mines  are  intended  for  a  life  of  50  j7ears  or  more, 
it  is  apparent  that  more  than  one  replacement  should  be  ex¬ 
pected. 

Of  course,  we  could  have  quite  an  argument  on  the  theory 
of  stresses  in  the  lining.  But  I  did  not  intend  to  take  the  posi¬ 
tion  that  we  could  figure  out  the  section  required  by  any  mathe¬ 
matical  formula,  because  the  loading  is  entirely  unknown,  and 
would  have  to  be  assumed,  so  that  we  might  just  as  well  assume 
the  design  to  begin  with.  My  illustration  is  intended  to  indi¬ 
cate  that  the  elliptical  shaft  does  not  have  the  advantages  over 
the  rectangular,  commonly  supposed. 
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Mr.  Johnson  is  inclined  to  value  the  arch  section  of  the 
curved  ends  in  hard  strata,  where  abutments  are  afforded,  and 
his  method  of  grouting  induces  pressure  on  the  lining.  My 
point  is  that  such  strength  is  of  no  avail  in  the  usual  design 
if  the  sides  are  straight,  as  the  lining  will  be  no  stronger  than 
the  strength  of  the  side  as  a  beam.  This  is  particularly  true 
where  no  provision  for  strut  action  in  the  buntons,  such  as  the 
plates  he  mentioned,  is  made.  The  fact  that  these  long,  unrein¬ 
forced,  unsupported  sides  stand  up  in  so  many  shafts  would 
argue  that  the  arch  ends  of  those  shafts  are  not  necessary  for 
strength. 

I  was  very  much  interested  in  Mr.  Johnson’s  description  of 
the  design  in  which  the  buntons  are  intended  to  act  as  struts. 
I  think  I  mentioned  in  the  paper  that  this  would  be  a  desirable 
feature.  I  am  glad  to  see  that  he  put  plates  on  the  end  of  the 
buntons,  and  reinforced  the  lining  so  that  the  buntons  could 
act  as  struts.  As  they  are  commonly  put  in,  the  buntons  simply 
extend  into  or  through  the  lining,  and  although  they  may  have 
anchor  rods  through  them,  this  detail  is  entirely  inadequate  to 
bring  any  compression  load  on  the  beams.  Therefore,  I  think 
as  a  matter  of  tact  this  five-foot  spacing  of  buntons  is  prac¬ 
tically  negligible  in  the  usual  case  as  far  as  supporting  the 
sides  is  concerned. 

Of  course  I  did  not  intend  to  show  a  stairway  in  my  hoist 
shaft.  I  did  not  intend  to  convey  the  impression  that  a  stair¬ 
way  is  always  required  in  a  hoist  shaft. 

The  mining  lawr  of  this  and  adjoining  states  requires  that 
stairs  shall  be  provided  unless  a  second  hoist  is  installed,  and 
while  stairs  are  frequently  placed  in  shafts  they  are  not  always 
provided.  My  point  in  preferring  the  stairway  in  the  hoist 
rather  than  in  the  air  shaft  refers,  of  course,  to  the  fact  that 
the  latter  arrangement  requires  not  only  a  partition  in  the 
shaft,  but  a  manway  at  the  bottom,  separate  from  the  air 
courses,  while  in  the  former  the  landing  is  right  in  the  main 
heading. 

In  regard  to  the  best  size  of  guide  to  use,  I  think  this  is 
largely  a  matter  for  individual  judgment.  It  also  depends 
somewhat  on  the  details  of  attachment  to  the  bunton.  I  am 
aware  that  the  IT.  C.  Frick  Coke  Co.  uses  8  by  10  guides,  but 
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the  smaller  size  is  frequently  used  where  dapping  blocks  are 
inserted  at  the  bunton. 

The  iron  spiral  stair  advocated  by  Mr.  Albree  is  doubtless 
about  the  best  design  we  have  at  present,  although  for  im¬ 
portant  shafts  I  would  prefer  the  reinforced  concrete,  as  stated 
in  the  paper. 

Mr.  McDonald  asked  about  preventing  freezing  in  the 
drainage  system.  Our  bore  hole  is  in  the  solid  strata  about 
four  feet  away  from  the  nearest  point  of  the  lining,  and  so  far 
it  has  not  frozen  up.  The  temperature  of  the  strata  is  natur¬ 
ally  above  freezing,  and  the  hole  is  so  far  from  the  lining  that 
the  cold  weather  which  usually  lasts  only  for  short  periods,  is 
not  sufficient  to  penetrate  so  deep.  This  shaft  has  not  been 
in  operation  a  great  length  of  time,  but  so  far  we  have  not  had 
any  trouble  with  ice  that  I  know  of. 

The  amount  of  pumping  that  may  be  required  is  one  of 
the  variable  factors.  I  would  say  that  the  advisability  of  ex¬ 
cluding  water  depends  on  whether  the  flow  is  in  the  shaft  only, 
or  enters  the  mine  from  the  surrounding  ground.  In  the  latter 
case,  a  tight  lining  would  probably  not  reduce  the  inflow,  but 
merely  force  it  into  new  channels.  Of  course,  a  dry  shaft,  on 
account  of  working  conditions,  would  be  a  great  advantage. 


SINTERING  PROCESSES  FOR  IRON¬ 
BEARING  MATERIALS 


By  B.  G.  Klugh* 


Ores  that,  as  mined,  are  desirable  as  blast  furnace  materials, 
are  rapidly  decreasing  in  supply  and  increasing  in  cost. 

In  the  present  ore  supply  there  are  large  tonnages,  having 
the  following  classifying  characteristics,  which  render  them 
wholly  undesirable  for  blast  furnace  use : 

First :  Exceedingly  fine  ores;  productive  of  dust  and  difficult  to 
smelt ; 

Second :  Ores  containing  combined  and  hygroscopic  water,  in 

projiortions  which  render  the  cost  of  transportation  practically  pro¬ 
hibitive  ; 

Third :  Low  grade  ores  which  require  concentrating  to  make  them 
metallurgically  available;  excessively  fine  ore  as  the  result; 

Fourth :  Ores  containing  an  objectionable  content  of  sulphur. 

In  additon  to  the  above  natural  ores,  we  find  the  following 
artificial  products,  the  treatment  of  which  at  present  absorbs 
the  greatest  interest: 

Fifth :  Pyritic  residues,  objectionable  for  the  fine  state  of  di¬ 
vision,  and  for  the  high  sulphur  content,  which  varies  from  one  to 
seven  percent. 

Sixth :  Blast  furnace  flue  dust;  which  needs  no  comment  or  in¬ 
troduction  in  the  Pittsburgh  District. 

Seventh:  Roll  scale:  The  light,  flaky,  dust  making  rod  and 

finishing  mill  scale,  and  blooming  mill  scale,  which  is  heavy,  dense, 

scouring  and  tending  to  “run  ahead”  of  other  materials  in  the  charge 

✓ 

in  smelting. 

A  process  for  rendering  the  above  ores  into  a  desirable 
furnace  product  must  be : 

Subject  to  limited  first  cost  of  plant. 

Cheap  operating  cost  and  low  maintenance. 

Productive,  continuously  and  efficiently,  of  a  material  em¬ 
bodying  reducibility,  stability  and  homogeneity.  The  reduci- 

•Field  Engineer,  American  Ore  Reclamation  Company,  New  York. 

Presented  before  the  Metallurgical  &  Mining  Section  October  28,  and 
published  in  the  December,  1913  Proceedings. 
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bility  of  the  product  must  be  such  ‘that  its  use  in  the  blast 
furnace  will  allow  driving  more  rapidly  than  a  normal  natural 
ore.  It  must  hold  up  the  burden  as  well  as  a  hard  ore.  The 
product  must  not  vary  appreciably  in  its  physical  or  chemical 
state  at  any  stage  of  its  operation,  due  to  any  features  of  the 
process  itself.  In  other  words,  its  total  cost  should  allow  its 
delivery  to  the  blast  furnace  at  a  lower  cost  per  unit  of  iron 
than  a  normal  ore.  Its  effect  in  the  furnace  must  be  such  that 
pig  iron  can  be  made,  with  its  use,  cheaper  than  with  normal 
ores.  Without  such  advantage  no  process  will  now  be  ac¬ 
cepted  as  the  final  solution.  The  ideal  process  is  one  that  will 
meet  all  of  the  above  requirements  on  all  of  the  above  classes 
of  materials  requiring  treatment. 

Numerous  attempts  have  been  made  at  the  solution  of  this 
problem,  either  in  whole  or  in  part.  The  principles  involved 
in  attacking  these  problems  were : 

Agglomeration  with  use  of  hydraulic  or  bituminous  binder; 

Agglomeration  by  compression  only; 

Agglomeration  by  compression  accelerated  by  catalytic  re¬ 
agents  or  binder; 

Agglomeration  by  compression  followed  by  various  degrees 
of  fusion; 

Agglomeration  by  various  degrees  of  fusion,  using  various 
types  of  apparatus,  with  varying  results. 

Comment  on  all  of  these  processes  would,  if  summarized, 
be  of  no  value  as  detail  in  the  required  knowledge  for  this  work, 
and  if  given  in  intelligible  detail  would  be  of  impossible  length 
for  this  paper. 

Suffice  it  to  say  that  a  number  of  processes  involving  these 
principles  have  failed  on  the  score  of  cost  of  plant,  cost  of 
production,  or  quality  of  product. 

This  paper  will,  therefore,  be  given  to  the  description  of  a 
process  which,  in  theory  and  practice,  meets  all  of  the  above 
specifications  to  a  most  rigid  test,  and  furthermore,  is  at  present 
in  highly  satisfactory  operation  at  five  plants  with  iron  bearing 
materials,  and  at  38  plants  with  copper  and  lead  bearing  ma¬ 
terials. 

The  Dwight  and  Lloyd  process  was  described  by  Mr.  James 
Gayley,  in  a  paper  at  the  Wilkes-Barre  meeting  of  the  American 
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Institute  of  Mining  Engineers,  June,  1911,  and  further  by  the 
same  author  in  the  Iron  Age,  January  4th,  1912.  The  writer, 
presented  a  paper  before  the  Institute,  at  the  February,  1912, 
meeting,  New  York,  entitled,  “The  Sintering  of  Iron-Bearing 
Materials  by  the  Dwight  and  Lloyd  Process.”  The  latter 
paper  discussed  certain  technical  details  involved  in  the  opera¬ 
tion  of  the  plant  at  Birdsboro,  Penna.,  at  that  time  the  initial 
and  only  plant  on  iron-bearing  materials.  An  additional  paper 
was  given  before  the  Institute,  at  the  February,  1913,  meeting, 
New  York,  entitled,  “The  Microstructure  of  Sintered  Iron- 
Bearing  Materials”.  This  paper  dealt  with  the  micro-petro¬ 
graphic  structure  of  the  products  of  the  process,  and  its  theo¬ 
retical  and  corollarv  influence  on  its  value  as  a  blast  furnace 

«/ 

material. 

The  present  paper  will  bring  the  description  of  the  process 
up  to  the  present  time,  with  a  discussion  of  recent  development. 

A  brief  description  of  the  principle  of  the  process  is  given 
for  the  benefit  of  those  not  already  familiar  with  it. 

The  material  to  be  treated  is  intimately  mixed  with  the  fuel 
required.  This  is  then  deposited  upon  the  apparatus,  which 
consists  of  a  permeable  hearth,  over  a  tight  windbox.  Initial 
ignition  is  given  the  upper  surface  of  the  charge  and  the  com¬ 
bustion  of  the  intermixed  fuel,  in  a  progressively  downward 
course,  is  produced  by  a  current  of  air  downward  through  the 
bed. 

An  abstract  of  the  development  of  this  process  in  its  inci¬ 
pient  stage,  if  of  interest  at  this  point. 

This  principle  was  evolved  and  first  made  commercially 
feasible  by  Messrs.  Dwight  and  Lloyd,  as  a  roasting  process. 
Roasting  at  that  time  had  passed  through  all  the  cumbersome 
and  complicated  stages  of  rabble  roasting,  and  the  various 
metallurgical  modifications  of  up-draft  pots,  such  as  the 
Weather  ill,  the  Savelsberg  and  the  Heberlein.  With  the  up¬ 
draft  method,  even  materials  so  perfectly  adaptable  to  blast 
roast  treatment  as  sulphides  were  subject  to  many  imperfections. 
The  apparatus,  being  essentially  intermittent  and  the  charge 
necessarily  very  thick,  and  deposited  in  a  way  prohibitive  yt 
homogeneity,  the  resultant  product  left  much  to  be  desired. 
Furthermore,  in  the  updraft  procedure,  the  material  in  the 
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upper  layer  is  kept  in  a  state  of  motion  by  the  upward  current 
of  air,  and  as  no  two  particles  can  cohere  so  long  as  one  is  in 
motion,  a  considerable  portion  of  the  product  was  unsintered. 
This  very  objectionable  feature  of  the  then  best  available  roast¬ 
ing  and  agglomerating  process,  caused  these  gentlemen  to  re¬ 
verse  the  air  current,  in  order  to  maintain  each  and  every 
particle  of  the  sintering  bed  in  a  perfectly  quiescent  state. 
The  result  was  that  a  thinner  bed  might  be  used  maintaining  a 
lower  resistance  to  the  current  of  gases,  and  produce  a  complete 
cake  of  sinter. 

The  natural  beginning  was  the  simplest  or  intermittent 
form.  In  this  form  it  attained  a  moderate  commercial  develop¬ 
ment.  A  plant  was  built  at  Cerro  de  Pasco,  Peru,  in  1907. 
the  result  of  demonstrations  made  by  Mr.  Lloyd  in  1906.  This 
plant  consisted  of  four  units,  and  remained  in  continuous  com¬ 
mercial  operation  for  more  than  a  year,  when  the  change  of 
their  practice  to  reverberatory  smelting  made  roasting  unneces 
sary. 

In  the  spring  of  1907  a  hollow  trunnion,  down-draft,  tilting 
pot  plant  was  put  into  operation  at  the  smelter  of  the  Tezuitlan 
Copper  Co.,  Mexico,  constructed  under  the  Dwight  and  Lloyd 
supervision  and  license.  The  plant  consisted  of  twelve  pots. 
Charcoal  ignition  was  used. 

Another  plant  was  built  at  the  Copper  Queen  smelter, 
Douglas,  Arizona,  in  1908.  The  ignition  was  fuel  oil.  •  The 
plant  remained  in  operation  during  the  last  half  of  1908,  and 
in  the  first  half  of  1909.  The  demonstration  on  this  pot  plant 
showed  the  advantages  of  the  down  draft  over  the  updraft,  i.  c 
complete  sintering  of  charge  and  the  disadvantage  of  the 
process  in  its  intermittent  form,  viz :  extreme  difficulty  of  uni¬ 
form  charging,  difficulty  of  ignition,  and  of  maintaining  the 
essentially  uniform  conditions  when  dumping  and  recharging. 
As  a  result  of  this  demonstration,  a  continuous  machine  was 
started  in  March,  1909,  and  ran  alongside  of  the  tilting  pot 
for  two  months,  at  the  end  of  which  test  the  tilting  pot  plant 
was  discontinued  and  dismantled.  The  continuous  machine  re¬ 
mained  in  operation  until  Dec.,  1909,  when  a  change  to  re¬ 
verberatory  smelting  made  roasting  unnecessary. 

The  Broken  Hill  Proprietary  Co.,  of  Port  Pirie,  South 
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Australia,  built  a  plant  of  twelve  tilting  pots,  under  the  super¬ 
vision  of  The  Carmichael-Bradford  Co.,  Engineers.  This  plant 
was  started  in  1908.  The  managing  director  of  the  company 
investigated  the  operations  of  the  continuous  plant  at  Perth 
Amboy,  N.  J.,  and  upon  return  to  Australia  consulted  his  staff 
and  opened  negotiations  which  resulted  in  the  starting  of  a 
small  continuous  machine  in  January,  1910,  at  Pt.  Pirie.  Com¬ 
parative  results  of  the  work  of  the  two  machines  are  given  here : 

The  tilting  pot  made  20  percent  fines; 

The  continuous  machine  a  negligible  quantity. 

The  capacity  of  the  tilting  pot  was  1600  to  1800  lb.  of  material 
treated  per  square  foot  of  hearth  area  per  day;  that  of  the  continuous 
machine  4000  to  5000  lb.  per  square  foot  per  day. 

The  operating  cost  of  the  tilting  pot  was  over  $1.50  per  ton;  that 
of  the  continuous  machine  under  $0.75. 

The  result  of  this  test  was  that  the  pot  plant  was  dismantled 
and  abandoned,  and  a  new  sintering  plant  of  six  large  Dwight 
and  Lloyd  units  installed. 

This  brief  history  brings  us  through  the  development  of 
the  process  to  the  continuous  machine,  and  to  its  point  of 
adoption  in  the  iron-bearing  field.  In  some  points  its  opera¬ 
tion  in  this  field  is  different  from  that  of  the  non-ferrous  field, 
but  generally,  they  are  quite  analogous. 

A  plant  for  treating  iron-bearing  materials  was  built  at 
Birdsboro,  Penna.,  at  the  blast  furnace  plant  of  the  E.  &  G. 
Brooke  Iron  Co.,  and  started  Oct.  1,  1911.  This  plant  has 
served  as  an  experimental  and  demonstrating  plant,  and  at  the 
same  time  has  been,  and  still  is,  in  continuous  operation  com¬ 
mercially.  There  was  a  short  interim  when  the  furnace  was 
out  of  blast  and  the  flue  dust  all  sintered. 

This  plant  consists  of  one  unit,  of  the  42  in.  by  264  in. 
(or  77  sq.  ft.  hearth  area)  machine.  This  type  is  the  result  of 
considerable  experience  in  the  design  and  operation  of  the  con¬ 
tinuous  machines.  Its  extreme  mechanical  simplicity,  low  first 
cost,  low  mechanical  maintenance,  and  accessibility  of  all  parts, 
at  all  stages  of  operation,  leaves  little  to  be  desired.  More  than 
100  machines  are  now  in  operation. 

There  are  now  five  plants  of  permanant  construction  in 
continuous  operation  on  iron -bearing  materials.  These  are 
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all  producing  high  quality  blast  furnace  material.  1  he  ma¬ 
terials  being  treated  cover  all  of  the  list  of  characteristics  men 
tioned  above.  They  continuously  treat  blast  furnace  flue  dust, 
pyrites  cinder,  magnetic  concentrates,  high  sulphur  magnetites, 
fine  hematites,*  limonites  and  roll  scale. 

The  percentage  of  carbon  required  to  produce  the  sinter 
varies  from  about  10  percent  in  case  of  the  highly  refractoty 
magnetic  concentrates,  to  two  percent  in  case  of  the  self  fluxing,, 
high  sulphur  magnetites.  The  latter  figure  is  a  recent  develop¬ 
ment,  and  several  thousand  tons  were  made  on  this  mixture. 

In  case  of  all  materials  except  flue  dust,  the  requisite  fuel 
is  added,  and  is  always  under  control.  Flue  dust  contains  fuel 
needed  for  sintering.  With  the  carbon  under  control,  the  other 
adjustments  are  quite  simple.  The  material  just  prior  to  intro¬ 
duction  upon  the  hearth  is  moistened,  usually  by  addition  of 
the  water  to  the  material,  in  a  pug  mill.  This  feature,  though 
quite  simple,  is  the  most  vital  factor  of  the  process.  The  func¬ 
tion  of  the  water  is  primarily  to  act  as  a  temporary  binder,  and 
to  hold  the  mass  in  a  permeable  state  for  the  passage  of  the 
gases.  It  has  other  functions  which,  however,  are  not  thor¬ 
oughly  understood.  This  is  shown  by  the  fact  that  in  certain 
cases  where  the  peculiar  shape  of  particles,  in  a  synthetic  mix¬ 
ture,  provided  permeability,  yet  no  sintering  took  place  without 
the  presence  of  water.  The  lack  of  knowledge  on  this  particular 
feature,  however,  is  purely  academic,  and  has  no  bearing  on 
its  practical  application.  The  moistening  of  the  material  has 
a  wide  range  within  which  it  may  be  sintered  into  a  good 
product,  but  the  degree  of  moisture  and  the  method  of  moisten¬ 
ing,  at  which  the  highest  efficiency  is  attained,  is  a  delicate 
operating  feature.  The  attaining  and  maintaining  of  this  de¬ 
gree  of  control  is,  however,  within  the  ability  of  a  workman  of 
ordinary  intelligence  when  he  has  been  properly  instructed. 

An  apparatus  of  wide  flexibility,  by  means  of  which  the 
moistening  of  the  material  treated  is  controlled  within  narrow 
limits,  is  simply  a  long  pug  mill,  or  two  pug  mills  in  tandem, 
with  valves  provided  at  varying  intervals  along  the  mill.  In 
this  way  any  amount  of  dry  pugging,  or  progressively  moist 
pugging,  is  under  control.  For  instance,  in  the  treatment  of 
a  talcy,  floury  ore,  when  the  water  was  all  added  at  one  place 
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in  the  mill,  the  transitory  lumpy  state  formed,  always  choked 
the  mill.  When  atomizing  nozzles  were  provided  the  full  length 
of  the  mill,  the  successive  stages  of  moistening  and  grinding 
produced  a  uniformly  moistened  material  which  lay  in  a  homo¬ 
geneous  and  permeable  bed  on  the  hearth.  A  similar  treat¬ 
ment  is  needed  for  extremely  finely  powdered  and  floury  flue 
dust.  When  material  of  this  kind  is  encountered  it  is  neces¬ 
sary  that  it  be  kept  constantly  in  motion  until  on  the  machine. 

The  operator  of  the  sintering  machine  has  always  under 
his  surveillance  the  exact  effect  of  any  changes  of  the  material 
treated.  Only  a  few  minutes  after  depositing  on  the  hearth 
and  igniting,  the  product-  is  discharged  and  all  effect  of  con¬ 
ditions  noted. 

With  the  minimum  amount  of  fuel  controlled  for  produc¬ 
ing  the  sinter,  the  quantity  of  carbon  burned  per  unit  of  time 
is  directly  proportional  to  the  production.  This  in  turn  depends 
on  the  volume  of  gases  that  pass  through  the  bed.  Hence, 
obviously,  the  potent  factor  is  the  permeability.  By  attention 
to  this  principle  the  operation  of  the  process  has  enormous 
possibilities. 

The  amount  of  water  added,  the  method  of  adding  the 
water,  and  the  method  of  delivering  the  moistened  sintering 
mixture  onto  the  hearth,  will  determine  the  control  of  the 
maximum  permeability.  With  these  fundamental  principles  in 
view  and  controlled,  the  past  few  months  have  witnessed  aston¬ 
ishingly  large  developments  in  the  process.  These  single  units 
rated  by  prior  practice  as  having  a  capacity  of  75  to  100  tons 
per  24  hours,  have  attained  a  rate  of  200  tons  per  24  hours, 
with  an  average  production  over  several  months  of  over  150 
tons. 

While  the  permeability  of  the  bed  sets  the  limit  of  the 
production  in  both  quality  and  quantity,  the  absolutely  essential 
feature  that  this  be  effected  uniformly,  over  the  entire  hearth, 
must  be  borne  in  mind.  The  volume  of  gases  passing  through 
every  square  inch  of  hearth  area  should  be  progressively  the 
same. 

The  line  of  pallets  pass  under  the  feed  hopper  continuously 
loading.  The  depth  of  layer  is  controlled  by  scraping  the  top 
.as  it  emerges  from  under  the  hopper.  The  delivery  of  the 
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material  into  the  hopper,  so  as  to  produce  perfect  uniformity 
across  the  entire  bed,  has  great  effect  upon  the  production. 
The  top  of  the  charge  is  smoothed  usually  by  means  of  a  brush 
under  which  the  charge  passes.  Moreover,  the  material  should 
be  kept  at  a  uniform  depth  in  the  feed  hopper  in  order  to 
prevent  greater  packing  at  one  point  than  at  another. 

The  ignition  is  another  item  in  which  uniformity  must  be 
the  controlling  factor ;  the  material  should  pass  under  the 
burner  at  a  uniform  rate  of  speed.  The  burner  must  deliver  a 
uniformly  continuous  heat,  both  as  regards  the  line  across  the 
pallets  and  of  continued  intensity  as  regards  time.  Each  sin¬ 
tering  mixture  has  an  intensity  of  ignition  for  its  most  efficient 
sintering  operation.  The  sintering  mixture  being  uniform  and 
continuous  as  above  described,  this  characteristic  of  ignition 
is  maintained  by  properly  setting  the  valves  and  keeping  them 
so.  This  has  been  worked  out  to  a  point  requiring  no  attention 
after  setting.  The  fuel  now  used  in  the  five  plants  under  gen¬ 
eral  discussion  embraces  natural  gas  in  two ;  fuel  oil  in  two ;  and 
artificial  gas  in  one.  The  fuel  oil  in  one  plant  is  burned  in  a 
combustion  chamber,  and  in  another  through  a  pipe  generator. 
Both  are  quite  successful.  Eact  plant  on  account  of  some 
prevailing  local  condition,  prefers  its  own  solution.  The  fuel 
oil  consumption  is  normally  about  1/3  to  V2  gallon  per  ton  of 
product.  In  case  of  the  natural  gas  the  fuel  for  ignition  is 
about  60  cu.  ft.  per  ton  of  product. 

Gasoline  was  used  for  a  considerable  period  in  the  early 
operation  of  the  initial  plant,  but  has  been  entirely  abandoned 
for  the  more  efficient  and  economical  fuel.  Coal  was  used  for 
a  considerable  period  and  with  success.  Where  local  conditions 
prove  advantageous,  this  will  be  a  very  desirable  ignition  fuel. 

The  ignition  furnaces  have  been  sufficiently  perfected  to 
give  the  required  uniformity  of  heat  across  the  line  of  pallets. 
Where  this  is  not  done  there  are  certain  sections  of  the  sintering 
bed  which  will  start  ahead  of  the  others.  In  such  cases  the  por¬ 
tion  of  the  zone  sintering  the  more  rapidly  does  so  at  the  ex¬ 
pense  of  the  adjacent  portion,  thus  lowering  the  quality  and 
production. 

The  ease  with  which  all  of  the  above  requirements  for  con¬ 
tinuous  uniformity  of  the  described  features,  with  the  Dwight 
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and  Lloyd  continuous  machine,  is  quite  remarkable.  Of  course 
such  conveying,  elevating  and  mixing  units  as  are  necessary 
must  all  be  efficiently  maintained,  but  all  of  these  are  thor¬ 
oughly  worked  out  in  their  own  branch  of  idustrial  engineering 
and  need  no  comment  or  discussion.  In  each  of  the  five  plants 
now  operating,  this  control  is  in  the  hands  of  a  man  of  the 
qualifications  of  a  laborer.  The  mechanical  maintenance  of  the 
plant  in  all  cases  depends  upon  the  elaborateness  and  selection 
of  the  elevating  system. 

In  the  early  stages  of  the  adaptation  of  this  process  to  the 
iron-bearing  materials,  some  difficulty  was  experienced  from  the 
grate  bar  losses.  This  was  with  the  treatment  of  flue  dust  con¬ 
taining  about  25  percent  carbon.  Eight  percent  is  ample  for 
sintering.  The  burning  out  of  the  other  17,  or  so,  percent  was 
done  at  the  expense  of  some  grate  loss  which  was  comparatively 
high,  although  never  of  prohibitive  cost.  In  later  plants  this 
difficulty  has  been  entirely  overcome.  To  provide  against  the 
trouble  incident  to  high  and  variable  carbon  in  the  flue  dust, 
means  are  provided  for  delivering  continuously  a  layer  of  lime¬ 
stone,  or  sinter,  directly  on  the  grates,  as  a  protective  layer 
against  burning  the  grates,  as  a  means  of  perfect  discharge  of 
the  product,  and  insuring  permeability  to  the  bed.  The  ma¬ 
chine  discharges  its  product  onto  a  grizzly,  or  screen,  and  the 
limestone  which  is  not  sintered,  together  with  such  sinter  as 
may  break  up  to  the  size  of  the  screen,  is  passed  through  to  be 
used  over  again  as  a  hearth  layer.  It  has  been  found  that  this 
procedure  will  build  up  the  return  screenings  to  a  point  where 
less  than  one-third  the  quantity  of  stone  originally  required 
for  the  hearth  layer  is  needed  for  making  up  the  deficit.  The 
limestone  which  adheres  to,  and  is  actually  sintered  into  the 
mass,  is,  of  course,  available  for  fluxing  in  the  furnace  to  a 
far  more  efficient  degree  than  that  added  as  a  regular  burden, 
because  of  its  positive  intimacy  and  assurance  against  segrega¬ 
tion.  After  the  return  hearth  layer  material  has  been  screened 
out,  it  in  turn  has  all  the  fines  below  in.  screened  out.  which 
are  returned  into  the  regular  feed  mixture.  This  gives  a  de¬ 
cided  advantage  to  permeability,  and  hence,  production. 

The  effect  with  the  use  of  the  protective  layer,  as  above 
described,  has  been  that  in  three  months  the  total  loss  of  grate 
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bars  has  been  only  six.  Cast  iron  grate  bars  have  been  dis 
continued  and  malleable  bars  adopted  entirely.  The  difference 
in  cost  is  slight,  and  vastly  in  favor  of  the  malleable  bars  when 
service  is  considered. 

Where  the  material  to  be  sintered  is  other  than  raw  flu** 
dust,  to  which  the  carbon  is  to  be  added,  and  hence  under  con¬ 
trol,  no  hearth  layer  provision  is  recommended.  So  long  as 
the  carbon  is  no  higher  than  that  required  to  produce  the  sinter 
there  is  no  danger  of  burning  grates. 

The  sintering  of  flue  dust  has  the  widest  interest  in  the 
Pittsburgh  district.  Since  the  material  contains  the  fuel  neces¬ 
sary  for  its  treatment,  it  is  made  the  more  attractive.  The  fuel 
contained  in  the  average  flue  dust  encountered  is  usually  in 
excess  of  that  needed  for  sintering.  The  effect  of  this  excessive 
carbon  is  that  proportionately  more  time  is  required  to  burn 
it  out.  This  also  produces  within  the  sintering  bed  a  much 
higher  degree  of  fusion  than  is  the  case  when  the  proper  quan¬ 
tity  of  fuel  is  employed,  or  that  is  desirable  in  order  to  produce 
the  best  blast  furnace  material.  While  high  carbon  flue  dust 
may  be  sintered  commercially,  and  is  being  at  several  plants 
continuously,  the  advantages  in  favor  of  the  low  carbon  are 
sufficient  to  justify  some  effort  toward  lowering  it.  There  are 
just  two  ways  of  making  low  carbon  flue  dust  out  of  high  carbon 
flue  dust:  Concentration  and  dilution. 

The  advantages  promised  from  concentration,  aside  from 
lowering  the  carbon  to  produce  a  better  sinter  and  greater  pro¬ 
duction,  is  that  the  gauge  is  eliminated  along  with  the  carbon, 
thus  giving  a  much  richer  ore.  The  desirability  of  a  concen¬ 
trate  for  sintering  is  beyond  all  question.  However  the  cost  of 
concentration  as  such,  and  the  attendant  expense  procedure  o t ‘ 
drying,  screening,  etc.,  have  been  the  chief  barrier  against  its 
practice. 

Dilution  seems  at  present  the  more  logical  procedure.  Cer¬ 
tainly  it  is  the  cheaper,  and  the  resultant  material  will  be 
equal  to  the  average  ore  in  iron  content.  In  the  flue  dust  we 
have  the  carbon  in  a  desirable  state  of  division  for  the  sintering 
process,  ready  mixed  with  no  pretreatment  necessary.  Inci¬ 
dentally,  the  flue  dust  is  produced  from  the  finer  portion  of  the 
ores  being  used  in  the  furnace.  A  considerable  portion  of  the 


628  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 

charge  of  the  blast  furnace  is  constantly  being  blown  out.  The 
fact  that  the  portion  being  blown  out  is  indeterminate  renders 
the  case  more  deplorable.  Such  condition  renders  the  careful 
calculation  of  the  furnace  burden  and  accurate  weighing  of 
charges  just  as  futile  as  if  the  skip  were  spilling,  or  the  filler 
were  blanking  his  charges.  Now  as  we  are  blowing  over  large, 
yet  irregular  and  indeterminate,  quantities  of  the  ores  we  charge, 
would  it  not  be  the  more  logical  practice  to  screen  out  all  of 
the  portion  that,  under  normal  conditions,  can  blow  out,  mix 
it  with  the  high  carbon  flue  dust,  sinter  it,  and  charge  it  in  a 
form  that  it  is  known  will  remain  stable  and  work  better  than 
the  ore,  if  by  chance  all  the  ore  had  remained  in  the  furnace? 
This  certainly  seems  preferable  to  weighing,  filling  it,  and  blow¬ 
ing  it  over,  before  putting  it  into  a  form  to  keep  it  in.  A  por¬ 
tion  of  the  coke  will  always  be  abraided  and  blown  out,  even 
when  the  coke  is  carefully  screened  before  charging.  In  a  num¬ 
ber  of  observations  the  actual  weight  of  a  given  quantity  of 
coke  blown  over  per  day,  or  per  charge,  seems  to  be  fairly  con¬ 
stant.  In  this  way  the  carbon  for  the  sintering  of  the  screened 
ores,  as  above  proposed,  will  be  automatic  in  its  supply,  regard¬ 
less  of  the  quantity  of  flue  dust  made. 

Aside  from  the  advantages  to  be  gained  from  a  charging 
material  proof  against  blowing  out,  there  are  other  decided  ad¬ 
vantages  to  be  gained  from  the  above  procedure.  The  sintered 
product  is  vastly  superior  to  the  ore  from  which  it  is  made. 
This  statement  applies  to  the  physical,  chemical,  and  the  metal¬ 
lurgical  phase  of  the  question. 

In  the  paper  before  the  American  Institute  of  Mining  En¬ 
gineers,  February,  1912,  referred  to  above,  the  writer  discussed 
the  theoretical  phase  of  this  question  at  some  length.  It  was 
shown  wherein  lay  the  advantages  of  charging  reacting  ma¬ 
terials,  whose  intimacy  of  contact  was  assured,  while  they  passed 
all  zones  of  activity  in  the  furnace.  This  was  further  elaborated 
upon  in  the  discussion  of  Mr.  Yogle’s  paper  at  the  same  meeting. 

In  another  Institute  paper,  February,  1913,  entitled  “The 
Microstructure  of  Sintered  Iron-Bearing  Materials*’,  the  writer 
showed  by  a  study  of  the  microstructure  of  agglomerate  prod¬ 
ucts  of  various  states  of  fusion,  that  the  elementary  constituent, 
which  rendered  such  product  proof  to  the  reducing  action  of 
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the  ascending  gases,  is  iron  silicate.  It  was  shown  that  such 
substance  in  the  form  of  a  refractory,  amorphous  glass,  hermet¬ 
ically  sealed  the  iron  oxide  from  the  action  of  the  reducing 
gases  until  actually  melted  in  the  hearth.  This  silicate  of  iron 
is  only  formed  from  the  free  silica  and  iron  oxide  at  high  tem¬ 
peratures  that  produce  fusion.  When  the  temperature  is  suffi¬ 
ciently  high  to  produce  actual  liquid  fusion  the  silicate  is  the 
last  to  solidify,  since  it  is  the  lowest  melting  point  of  the  com¬ 
pounds  of  the  mixture.  It  will  therefore  naturally  envelope  the 
iron  oxide,  which  has  solidified  first,  with  the  above  results. 
Such  a  glass  was  shown,  in  the  above  paper,  to  exist  in  propor¬ 
tion  to  the  degree  of  fusion  to  which  the  body  containing  it  had 
been  subjected.  By  a  complete  set  of  examples  of  materials 
covering  the  entire  range  of  degrees  of  fusion  and  all  processes 
of  this  class,  a  definite  series  was  established  with  heating  fur¬ 
nace  cinder  at  the  head  and  the  product  of  the  Dwight  and  Lloyd 
sintering  process  at  the  foot.  Employing  a  lower  degree  of 
fusion,  and  a  lower  percentage  of  fuel,  than  is  possible  to 
effect  efficient  agglomeration  by  any  other  process,  this  is  the 
natural  result.  The  intimate  mixture  of  the  fuel  with  the 
material  its  combustion  is  to  effect,  and  its  almost  perfect  effi¬ 
ciency  of  expenditure,  agglomerates  the  particles  by  incipient 
fusion  of  their  surfaces. 

This  theoretical  discussion  and  refutation  of  the  theories 
that  the  sinter  would  produce  a  scouring  action  in  the  furnace, 
has  since  been  borne  out  by  actual  furnace  practice. 

An  Eastern  blast  furnace  has,  for  several  months,  had  a 
burden  of  25  percent  of  sinter  made  from  flue  dust  and  magnetic 
ore.  The  fuel  has  been  about  ten  percent  lower  than  before 
it  was  added,  when  the  sinter  was  substituted  for  an  old  range 
ore.  There  has  been  a  practical  absence  of  slips  and  scaffolds 
during  its  entire  use,  and  at  no  time  has  there  been  any 
action  resembling  scouring  or  unreduced  oxides  in  the  hearth. 

A  Southern  blast  furnace  had  continuously  carried  a  bur¬ 
den  consisting  of  *4  to  rotary  kiln  nodules,  but  never  over 
the  higher  figure,  as  any  proportion  in  excess  of  invariably 

produced  scaffolding,  or  scouring,  and  required  excessive  coke. 
Three  months  since  they  discontinued  the  use  of  nodules  and 
gradually  added  sinter.  Both  the  nodules  and  the  sinter  were 
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were  made  from  pyrites  'cinder,  so  the  chemical  analysis  has  no 
hearing  on  the  comparative  results.  A  burden  consisting  of 
one-half  sinter  has  been  on  for  two  and  one-half  months,  with 
a  decrease  in  coke  consumption,  more  regular  driving,  de¬ 
creased  pressures  and  increased  output.  There  is  no  doubt 
but  that  with  certain  changes  in  their  practice,  the  advantages 
would  be  enormous.  As  is  usual  in  Southern  furnace  prac¬ 
tice,  with  variable  local  ore,  a  very  basic  slag  is  carried. 
Furthermore  the  influx  is  all  dolomite.  The  result  is  that  with  a 
material  whose  slag  forming  materials  are  already  combined, 
and  in  intimate  contact  with  the  iron-bearing  body,  this  por¬ 
tion  of  the  slag  is  much  more  fusible  than  otherwise.  With 
this  added  tendency  toward  a  high  fusion  zone,  and  lower 
silicon,  the  dolomite  accelerates  rather  than  retards  the  ob¬ 
jectionable  feature.  The  added  dolomite  simply  raises  the 
refractoriness  of  the  slag  by  increasing  its  basicity  beyond  the 
point  of  its  fluxing  value,  while  the  addition  of  calcite  would 
produce  the  needed  refractoriness  within  the  required  basic 
limits,  without  the  attendant  coke  consumption  and  high  fusion 
zone.  The  management  of  this  particular  furnace  is  desirous 
of  obtaining  enough  sinter  to  increase  its  proportion  of  the 
burden. 

The  efficiency  of  this  process  as  a  desulphuring  agency,  has 
in  its  recent  commercial  developments  surpassed  tests  on  small¬ 
er  lots.  Pyrites  cinder  with  sulphur  ranging  from  2.0  to  6.5 
percent  has  been  treated  with  a  product  below  0.10  sulphur 
without  variation.  In  fact  as  a  result  of  satisfactory  tests, 
a  company  is  preparing  to  operate,  selling  its  product  on  a 
guarantee  of  sulphur  below  0.10. 

Several  thousand  tons  of  an  Eastern  magnetite,  which  con¬ 
tains  sulphur  varying  from  1.5  to  4.0,  and  was  equally  ob¬ 
jectionable  on  account  of  its  silica  and  lime  content  varying 
interchangably  six  percent  either  way,  have  been  sintered.  The 
sulphur  was  eliminated  uniformly  below  0.15.  It  was  below 
0.1  when  the  crushing  was  below  in.  size.  This  ore  had 
been  used  in  the  past,  in  its  raw  state,  always  with  bad  re¬ 
sults.  Its  use  meant  scaffolds,  slip,  scouring,  even  when  small 
quantities  were  used.  The  operators  had  about  concluded 
that  some  element  or  combination  of  elements,  existed  in  the 
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ore  which  made  its  use  in  the  furnace  prohibitive.  The  vari¬ 
ation  in  the  fluxing  elements  was  doubtless  the  cause  of  tin* 
trouble.  This  is  borne  out  since  the  2000  tons  which  were 
sintered  were  used  in  the  furnace.  The  results  were  so  satis¬ 
factory,  that  the  mine  which  was  closed  several  years  since, 
for  the  above  reasons,  will  be  immediately  reopened. 

The  cost  of  operating  a  plant  of  two  units,  is  herewith  giv¬ 
en  for  a  typical  case.  Publicity  of  exact  figures  will  not  be 
proper  courtesy  to  operating  companies,  nor  would  be  the  name 
of  the  operating  company  attaining  them.  However,  the  round 
figures  here  given  have  been  attained  within  ten  percent. 

Producing  labor  . $0.18 

Ignition . 06 

Repairs  . 06 

Power  (8.8  kw.  hrs.  per  ton) . 16 


.46 

In  the  Pittsburgh  District,  with  its  cheap  natural  gas,  the 
ignition  cost  will  be  only  a  fraction  of  a  cent.  Where  power 
is  made  at  a  blast  furnace,  or  steel  plant,  and  used  by  the 
same  company,  the  power  cost  will  be  much  lower  than  the 
above  given. 

The  labor  above  consists  of  one  foreman,  one  machine 
operator  each  turn,  one  oiler  (day  turn  only),  and  three  labor¬ 
ers  day  turn,  and  two  night  turn. 

DISCUSSION 

Mr.  N.  V.  Hansell  :*  It  has  been  a  great  pleasure  to  me 
to  listen  to  Mr.  Klugh’s  interesting  paper.  It  has  been  doubly 
interesting  to  me  on  account  of  the  great  wealth  of  valuable 
data  it  contains  in  connection  with  the  use  of  the  sinter  in 
blast  furnaces  because  I  am  personally  interested  in  two  pro¬ 
cesses  by  which  very  similar  products  are  obtained. 

The  paper  gives  an  admirable  synopsis  of  what  has  been 
accomplished  during  the  last  few  years  in  this  country  by  the 
Dwight  &  Lloyd  interests  in  connection  with  the  agglomeration 
of  fine  iron  ores  and  flue  dust. 


•Consulting  Engineer,  Hamilton  &  Hansell,  50  Church  St.,  New  York. 
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The  title  of  his  paper  is,  however,  much  broader  than  the 
contents  would  indicate  and  it  may  therefore  not  be  out  of 
place  to  say  a  few  words  about  other  sintering  processes  which 
are  now  in  commercial  use  on  this  continent,  which  he  has  not 
mentioned. 

By  sintering  we  mean  a  heating  of  the  fine  ore  particles 
to  such  a  degree  that  they  will  agglutinate  by  incipient  fusion 
of  the  surfaces  without  melting  or  running  together. 

Among  such  processes  are  therefore  to  be  included: 

First:  The  nodulizing’  process. 

Second :  The  Grondal  briquetting  process. 

Third :  The  blast  roasting  processes: 

The  Huntington-Heberlein, 

The  Dwight  &  Lloyd, 

The  Greenawalt. 

The  first  mentioned,  the  nodulizing  process,  is  well  known 
in  this  district  on  account  of  the  very  successful  installation  in 
Hubbard,  Ohio,  and  it  is  therefore  not  necessary  to  dwell  any 
further  on  it. 

About  the  Grondal  briquetting  process  I  do  not  need  to 
say  anything  either  before  this  audience,  inasmuch  as  a  Grondal 
briquetting  plant  has  been  in  operation  on  flue  dust  in  the 
Pittsburgh  District  for  five  or  six  years.  Four  Grondal  bri¬ 
quetting  furnaces  were  installed  originally.  These  have  been  ' 
improved  and,  as  I  understand,  more  or  less  re-built  by  Dr. 
Unger,  our  chairman  for  tonight.  I  hope  that  he  will  be 
kind  enough  to  tell  us  a  little  about  his  experience  with  the 
plant. 

This  brings  us  down  to  the  various  blast  roasting  pro¬ 
cesses.  These  are  usually  referred  to  under  the  name  of 
“sintering  processes*’,  in  the  narrower  meaning  of  the  words. 
The  Huntington-Heberlein  process,  which  is  an  up-draft  process, 
has  probably  seen  its  best  days.  The  down-draft  method  has 
been  found  superior. 

Comparing  the  Greenawalt  and  the  Dwight  &  Lloyd  pro¬ 
cesses,  we  find  that  the  same  principle — down-draft  blast  roast¬ 
ing — is  emplojmd  in  both,  and  that  the  quality  of  the  product 
is  the  same  from  both,  if  the  raw  material  used  is  the  same ; 
the  chief  difference  being  that  the  former  is  intermittent  in  its 
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operation,  and  the  latter  continuous,  this  being  merely  an  oper¬ 
ating  difference,  which,  however,  has  caused  considerable  dis¬ 
similarities  in  the  mechanical  details  of  the  apparatuses  em¬ 
ployed. 

Down-draft  blast  roasting  in  itself  is  quite  an  old  idea. 
It  was  used  in  England  as  early  as  the  period  1860-1870  for 
the  preparation  of  iron  carbonates,  or  so-called  iron  stones,  for 
blast  furnace  use.  It  was  later  mentioned  in  a  number  of 
patents  taken  out  in  connection  with  the  roasting  of  lead  and 
zinc  ores. 

J.  E.  Greenawalt,  who  was  experimenting  with  such  sul¬ 
phide  ores,  made  commercial  use  of  the  down-draft  principle 
as  early  as  1905,  and  credit  is  undoubtedly  due  him  for  having 
demonstrated  that  it  is  practically  and  commercially  feasible 
to  roast  and  sinter  fine  ores  by  the  combustion  of  sulphur,  or 
other  heat-producing  substances,  supporting  the  combustion  by 
induced  draft.  It  was  Greenawalt,  also,  who  introduced  the 
use  of  the  so-called  “ porous  bed”  on  the  top  of  the  grates  in 
order  to  protect  them  and  incidentally  to  maintain  the  particles 
to  be  sintered  in  a  quiescent  state. 

While,  thus,  Greenawalt  has  to  be  recognized  as  a  pioneer 
in  connection  with  down-draft  blast  roasting,  a  pioneer  who 
combined  with  his  ingenuity  an  admirable  perseverance  in  work¬ 
ing  out  the  details  of  his  exceedingly  simple  but  efficient  in¬ 
termittent  method,  it  must  be  admitted  that  the  continuous 
principle  with  its  many  apparent  advantages  is  a  Dwight  k 
Lloyd  feature. 

Before  giving  a  short  description  of  the  Greenawalt  sys¬ 
tem,  I  wish  to  take  exception  to  a  few  statements  in  Mr. 
Klugh’s  paper,  inasmuch  as  they  may  give  an  erroneous  im¬ 
pression  to  the  readers  of  his  paper  in  regard  to  the  inter¬ 
mittent  system  as  compared  with  the  continuous.  He  men¬ 
tions  several  instances  where  the  intermittent  system  has  been 
introduced,  found  faulty,  and  replaced  by  the  continuous  sys¬ 
tem. 

His  first  example  is  that  of  Cerro  de  Pasco,  Peru.  Th*> 
example  is  not  well  found  as  the  ignition  there  was  accomplished 
by  spreading  live  coal  on  top  of  the  ore  bed  and  forcing  air 
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from  above  downwards  through  the  bed  by  the  use  of  a  tight 
hood  over  the  sintering  pan. 

His  second  example  is  that  of  Tezuitlan  Copper  Co.,  Mexico. 
This  was  really  a  continuous  process.  .A  great  number  of 
small  round  pots  were  used  which  were  ignited  with  charcoal. 

In  the  third  plant,  the  one  at  the  Copper  Queen  smelter, 
Ariz.,  the  so-called  intermittent  plant  consisted  of  a  number  of 
ordinary  tip  cars  with  an  ignition  that  gave  very  poor  results. 
The  introduction  of  the  continuous  process  did  not  at  the  time 
prove  an  entire  success.  It  was  therefore  abandoned  and  a 
change  was  made  to  the  reverberatory  process. 


Fig.  l. 

Finally,  at  Broken  Hill  Proprietary  Co.,  Australia,  the 
small  tilting  pots  introduced  by  the  Carmichael-Bradford  Co. 
did  not  prove  satisfactory,  partly  on  account  of  using  straw  for 
ignition,  and  partly  on  account  of  very  crude  and  expensive 
methods  of  charging  and  discharging. 

As  can  be  seen,  in  no  one  of  these  four  plants  Greena- 
walt  's  methods  of  charging,  igniting  and  discharging  were  used, 
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and  probably  the  high  vacuum  employed  in  the  modern 
Greenawalt  plants,  thanks  to  which  the  present  high  efficiency 
is  obtained,  was  not  used  either. 

Mr.  Klugh  next  gives  some  interesting  figures  on  capacity 
per  square  foot  of  grate  area  at  the  Port  Pirie  plant.  It  might 
be  pointed  out  that  such  figures  are  of  only  relative  value  and 
are  entirely  dependent  upon  the  physical  character  of  the 
material.  It  is  self  evident  that  material  which  sinters  quickly 
in  the  continuous  machine  also  sinters  quickly  in  the  inter¬ 
mittent.  It  may  be  added  that  the  capacity  per  square  foot 
of  grate  area  affects  the  cost  per  ton  very  little  in  the  inter¬ 
mittent  system.  As  soon  as  a  pan  has  been  charged,  there  is 
nothing  more  to  do  with  it  until  it  is  ready  sintered.  The 
labor  can  be  employed  preparing  a  new  charge  or  charging  other 
pans.  The  only  additional  cost  for  a  slow  burning  ore  is  the 
slightest  cost  of  power  required  to  keep  the  exhaust  fan  going. 

A  little  later  in  his  paper,  Mr.  Klugh  speaks  about  one 
Dwight-Lloyd  unit  having  a  daily  capacity  of  over  150  tons  for 
several  months  of  operation.  This  is  exceedingly  satisfactory 
and  undoubtedly  indicates  that  the  mixture  being  sintered  is  in 
good  condition  physically  and  chemically.  The  percentage  of 
fuel  in  the  mixture,  i.  e.,  percentage  of  coke,  when  treating  flue 
dust,  is  a  factor  of  paramount  importance.  Also,  the  granu¬ 
lation  of  the  ore  has  to  be  just  right.  If  the  ore  is  too  coarse, 
the  charge  will  lose  its  heat  and  the  sintering  action  may  stop 
entirely;  if  the  ore  is  too  fine,  the  resistance  against  the  pass¬ 
age  of  air  through  the  bed  may  be  so  high  as  to  considerably 
increase  the  sintering  time. 

In  talking  about  the  use  of  a  layer  of  lime  stone  direct¬ 
ly  on  the  grates,  it  is  only  fair  to  again  repeat  that  this  feature 
was  originated  by  Greenawalt  and  enters  as  an  important  claim 
in  the  specifications  of  his  early  patents.  Dwight  &  Lloyd  are 
using  this  idea  in  connection  with  the  continuous  process  under 
license  from  Greenawalt. 

I  trust  I  have  not,  in  my  discussion  of  Mr.  Klugh ’s  paper, 
emphasized  too  strongly  what  Greenawalt  has  done.  I  have 
been  led  to  do  it  as  I  do  not  think  a  paper  or  discussion  on  this 
subject  is  complete  without  mentioning  the  name  of  Greena¬ 
walt.  The  honor  for  making  down-draft  blast  roasting  an  ini- 
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portant  step  in  connection  with  the  use  of  flue  dust  and  other 
fine  iron  bearing  materials  is  due  Greenawalt  as  well  as  Messrs. 
Dwight  &  Lloyd. 

Greenawalt  has  now  got  his  method  in  commercial  use  on 
iron  bearing  materials  in  six  plants  in  this  country  and  two 
plants  abroad  (Italy).  In  addition,  there  are  two  plants  under 
erection  in  the  United  States,  one  in  Canada,  and  three  in 
Europe  and  Asia. 


Fig.  2. 

The  cost  of  production  varies  at  different  places  but  is 
everywhere  sufficiently  low  to  make  the  plants  commercial  suc¬ 
cesses.  This  is  evidently  true  also  of  the  Dwight  &  Lloyd  in¬ 
stallations.  The  field  is  very  large  and  there  is  room  for  both 
systems.  Which  one  will  become  the  one  most  favored,  only 
time  can  tell. 

The  following  illustrations  show  views  of  a  sintering  plant 
recently  installed  in  Buffalo  which  contains  five  Greenawalt 
units. 

The  outside  view  of  the  sintering  plant  is  shown  in  Fig.  1. 
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The  five  chutes  leading  out  from  the  building  are  the  discharge 
chutes  for  the  finished  sinter. 

An  interior  view  of  the  charging  floor  is  shown  in  Fig.  2. 
It  shows  one  sintering  pan  in  the  foreground  with  a  charge  be¬ 
ing  sintered.  In  the  background  there  will  be  seen  a  Greena- 
walt  igniter.  This  consists  of  an  inverted  hood  with  perfor¬ 
ated  top  hung  in  a  lever  system,  which  in  its  turn  is  supported 
on  the  four  wheels.  When  the  igniter  is  to  be  used,  it  is 
placed  right  above  the  pan  and  by  means  of  the  levers  low¬ 
ered  down  on  the  flanges  of  the  pan  against  which  it  rests 
practically  air-tight.  The  tank  visible  on  top  of  the  igniter 
contains  the  oil  used  for  igniting  purposes. 


Fig.  3. 

A  sintering  pan  being  dumped  after  the  charge  has  been 
sintered  right  through  is  shown  in  Fig.  3.  As  is  well  known, 
the  sintering  pan  is  supported  on  hollow  trunnions  in  such  a 
way  that  it  is  top-heavy  when  loaded,  so  that  when  the  catches 
which  hold  it  in  place  are  drawn  back,  the  pan  is  released, 
dumping  automatically.  After  having  delivered  its  load,  the 
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center  of  gravity  is  below  the  supporting  point  so  that  the  pan 
comes  back  into  position  by  itself,  ready  for  a  new  charge. 

The  Author  :  Mr.  Hansell  takes  exception  to  my  descrip¬ 
tion  of  some  of  the  early  attempts  to  use  the  D.  &  L.  system 
in  tilting  pans  operating  intermittently  and  lays  particular 
stress  on  the  difference  in  the  method  used  for  igniting  the 
charge.  This  distinction  is  purely  incidental  and  not  vital. 
It  is  true  there  are  good  ways  of  effecting  the  ignition  and 
ways  that  are  not  so  good,  but  the  only  essential  requisite  is  to 
do  it  evenly.  The  choice  of  means  may  properly  depend  upon 
the  local  cost  of  the  different  fuels  available.  Better  results 
can  often  be  secured  wTith  a  poor  means  intelligently  handled 
than  with  a  superior  means  poorly  handled.  The  same  wide 
variety  of  fuels  that  will  serve  for  igniting  the  open  pans,  may 
be,  and  as  a  matter  of  fact  are  used  on  the  standard  D.  &  L. 
machines  to  suit  local  conditions  in  various  places,  such  fuels 
being  wood,  charcoal,  coal,  gasoline,  fuel  oil  and  fuel  gas. 

To  mention  again  the  early  sintering  plants  under  discus¬ 
sion,  the  plant  at  Cerro  de  Pasco,  Peru,  was  installed  under 
an  arrangement  with  D.  &  L.  It  did  not  prove  entirely  suc¬ 
cessful,  and  all  attempts  at  sintering  were  abandoned  for  several 
years.  Now  however,  six  standard  D.  &  L.  100  ton  units  have 
been  installed. 

The  Teziutlan  Copper  Co.  sintering  plant  (Mexico)  was 
designed  under  the  supervision  of  Dwight  &  Lloyd.  It  con¬ 
sisted  of  a  battery  of  shallow  cast  iron  pans  with  hollow  trun¬ 
nions.  If,  as  Mr.  Hansell  claims  this  was  really  a  “continuous 
process”  because  of  the  plurality  of  sintering  pans  in  the 
battery,  then  the  same  argument  applies  to  the  Copper  Queen 
experimental  plant  at  Douglas,  Arizona,  which  was  also  oper¬ 
ated  under  license  from  D.  &  L.  and  had  six  pans  in  a  line. 
The  same  applies  also  to  the  plant  at  Port  Pirie,  Australia,  or, 
indeed,  to  any  plant  with  more  than  one  pan.  The  fact  of  the 
matter  is  that  any  such  distinction  between  the  “intermittent” 
and  “continuous”  process  is  illogical  and  misleading.  For  in¬ 
stance,  in  the  case  of  the  “round  table”  type  of  D.  &  L.  ma¬ 
chine  now  used  only  in  Europe,  the  horizontal  ring  is  divided 
with  small  segments,  each  of  which  receives  its  charge,  is  ignited, 
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sintered  and  discharged  in  regular  succession,  thus  being  “  in¬ 
termittent”  and  at  the  same  time  “continuous”,  according  to 
Mr.  Hansell's  classification. 

The  large  battery  of  down-draft  pans  at  Port  Pirie, 
though  locally  called  “Carmichael-Bradford  System”,  was  actu¬ 
ally  built  by  a  company  holding  a  Dwight  &  Lloyd  license.  The 
pans  were  abandoned  and  scrapped  after  a  competitive  trial 
against  one  little  50  ton  D.  &  L.  straight  line  machine  had 
clearly  demonstrated  to  the  management  the  superiority  of  the 
latter.  The  plant  now  consists  of  six  standard  D.  &  L.  100 
ton  units. 

It  seems  best  not  to  attempt  to  reply  to  Mr.  Hansell’s 
statement  of  the  claims  of  the  Greenawalt  process,  not  only  be¬ 
cause  a  controversy  over  questions  of  patent  infringements  and 
priorities  seems  hardly  in  keeping  with  the  purpose  of  this 
paper,  but  also  because  many  of  the  matters  in  dispute  are  now 
being  adjudicated  through  interference  proceedings  in  the  Pat¬ 
ent  Office,  and  undoubtedly  will  later  be  tested  in  the  Courts. 

Meantime  it  is  sufficient  to  say  that  according  to  my 
understanding,  Dwight  &  Lloyd  have  never  maintained  that 
they  were  the  first  to  use  the  “  down-draf t  ”  for  metallurgical 
purposes,  or  even  in  connection  with  the  roasting  of  ores,  but  they 
do  claim  that  they  were  the  first  to  show  how  this  agency  could 
be  used  for  the  specific  purpose  of  successfully  and  completely 
sintering  a  thin  layer  of  fine  ore,  and  do  it  deliberately  and  un¬ 
failingly,  in  contradistinction  to  the  haphazard,  unintentional 
and  usually  unwished-for  production  of  irregular  masses  of 
sinter  with  no  definite  or  regular  structure  which  had  pre¬ 
viously  characterized  efforts  along  this  line.  Besides  the  ques¬ 
tions  at  issue  concerning  the  down-draft,  etc.,  there  are  others 
involved  which  are  quite  as  pertinent.  Mr.  Hansell  will  par¬ 
don  me,  I  hope,  for  not  going  into  the  matter  further. 

Dr.  K.  F.  Stahl:*  I  did  not  have  an  opportunity  to  read 
Mr.  Klugh’s  paper  before  presentation  and  will  confine  my 
remarks  principally  to  the  interest  which  manufacturers  of  sul¬ 
phuric  acid  have  in  the  various  processes  of  agglomerating, 
sintering,  or  briquetting  of  iron  bearing  materials,  which  is  al- 

•Superintendent,  General  Chemical  Company  of  Pennsylvania.  Pitts¬ 
burgh. 
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most  as  important  a  question  to  them  as  to  the  blast  furnace 
man. 

In  manufacturing  sulphuric  acid  the  sulphur  of  iron 
pyrites,  mostly  Spanish,  is  roasted  off  and  the  resulting  sul¬ 
phurous  acid  is  converted  by  different  processes  into  sulphuric 
acid.  The  residue,  coming  out  of  the  roasting  furnace,  con¬ 
sists  of  iron  oxide  with  some  sulphur,  varying  usually  from  one 
to  three  percent  and  small  percentages  of  other  substances, 
which  were  originally  in  the  pyrites.  The  larger  part  of  py¬ 
rites  roasted  is  in  the  shape  of  “fines”  passing  through  a  y2  in. 
mesh.  Although  the  resulting  pyrites  cinder  is  not  quite  as 
fine  as  flue  dust  from  a  blast  furnace,  it  is  not  a  desirable  ma¬ 
terial  for  charging  in  a  blast  furnace.  It  has  no  coke  mixed 
with  it  like  flue  dust  and  therefore  about  nine  percent  coke 
dust  or  other  fuel  have  to  be  added  to  sinter  it  in  a  Dwight  & 
Lloyd,  Huntington-Heberlein  or  Greenawalt  furnace.  The 
processes,  which  agglomerate  without  the  use  of  heat  (Schu¬ 
macher,  Scoria,  Kertsch,  Crusius,  Ronay,  etc.)  are  not  used 
for  pyrites  cinders,  because  they  do  not  remove  the  sulphur. 
But  practically  all  the  processes  in  which  the  material  is  sub¬ 
ject  to  a  high  heat  are  being  tried.  The  following  have  come 
under  my  observation :  Nodulizing  furnaces,  these  make  a  de¬ 
sirable  material  for  blast  furnace  at  a  cost  of  about  $1.00  to 
$1.25  per  ton.  Iron  contents  depend  on  the  grade  of  pyrites 
used,  usually  about  60  percent  Fe •  Phosphorus  contents  com¬ 
pare  favorably  with  the  best  low  phosphorus  Lake  Superior  ore, 
i.  e.,  0.01  to  0.02  percent;  sulphur  is  usually  brought  down  to 
0.1  percent.  Powdered  coal,  (10  to  12  percent),  is  mostly  used 
for  fuel. 

The  Huntington-Heberlein  updraft  sintering  furnace  and 
a  later  and  improved  form,  the  Greenawalt  down  draft  furnace 
are  also  used  for  pyrites  cinders  and  make  as  good  a  product 
for  blast  furnaces  as  nodulizing  cylinders.  Labor  cost  for 
operating  is  higher  than  in  the  first  named  process,  but  it  is 
not  subject  to  the  annoying  stoppages  of  the  nodulizing  cylinder 
caused  by  the  building  up  of  the  iron  oxides  on  the  hottest 
part  of  the  cylinder  wall  and  the  burning  out  of  the  fire  brick 
lining,  it  requires  less  power  to  operate.  The  total  cost  per 
ton  is  probably  the  same  as  in  a  nodulizing  furnace. 
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The  newest  form  of  sintering  furnace  the  Dwight  &  Lloyd, 
which  Mr.  Klugh  has  described  in  detail,  and  which  is  in  use 
at  several  places  in  this  country  for  sintering  blast  furnace  flue 
dust,  has  only  very  recently  been  used  for  pyrites  cinders  by 
the  Pyrites  Co.  Ltd.  at  Roanoke,  Va.,  who  burn  Rio  Tinto 
pyrites  and  after  leaching  out  most  of  the  copper  run  the  ma¬ 
terial  through  a  Dwight  &  Lloyd  furnace  of  150  tons  capacity 
in  24  hours. 

Mr.  Klugh  stated  that  the  cost  of  sintering  in  a  Dwight  & 
Lloyd  furnace  was  less  than  50c,  exclusive  of  royalty,  which 
would  make  it  the  cheapest  process  known  at  present. 

The  Jones  &  Laughlin  Steel  Corporation,  as  well  as  the  U. 
S.  Steel  Corporation  have  a  Dwight  &  Lloyd  plant  in  operation. 
I  like  its  appearance  and  it  does  the  work  with  very 
little  labor.*  .  The  most  objectionable  feature  at  one 
plant  I  saw,  seems  to  be  the  dust  it  makes  in  discharging, 
but  this  can  be  overcome.  The  burning  out  of  grate  bars, 
which  gave  trouble  at  first,  has  been  overcome  in  the  manner 
described  by  Mr.  Klugh. 

An  entirely  different  process  as  to  operation  and  product 
is  the  Groendal  tunnel  furnace.  The  material  is  moistened, 
pressed  into  brick  shape,  set  on  cars  having  a  fire  brick  floor 
about  6  ft.  by  6  ft.  These  are  pushed  through  a  furnace  at  the 
rate  of  a  car  every  10  to  15  minutes.  The  furnace  is  180  to  200 
ft.  long  and  is  heated  by  gas  burners  located  near  the  center  of 
the  furnace.  The  fire  gases  travel  forward,  the  second  half  of 
the  furnace  being  utilized  to  heat  the  air,  which  is  drawn  over 
the  incandescent  bricks.  A  sand  or  water  lute  on  the  sides 
of  the  cars  protects  the  running  gear  of  the  cars  from  the  heat. 

The  resulting  brick  form  a  desirable  material  for  open 
hearth  furnaces  in  place  of  the  Lake  Superior  lump  ore,  which 
is  getting  scarce.  In  chemical  composition  they  resemble  the 
natural  ore  but  are  lower  in  phosphorus,  varying  from  0.01  (o 
0.02  percent. 

The  Groendal  process  is  more  expensive  than  the  other 
processes  mentioned,  costing  about  $2.00  per  ton,  but  the  prod¬ 
uct  is  worth  considerable  more  than  the  others.  There  are  a 
number  of  Groendal  furnaces  in  use  in  this  country,  both  for 
pyrites  cinders  and  for  flue  dust. 
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In  comparing  the  published  costs  for  the  different  pro¬ 
cesses  in  Europe  and  here,  I  find  that  they  figure  the  cost 
only  about  one-half  of  what  it  costs  in  this  country,  notwith¬ 
standing  the  fact  that  the  fuel  cost  is  much  higher,  for  instance, 
coal  $5.40  in  Sweden,  but  labor  is  given  there  at  84c  per  turn 
(I  suppose  of  12  hours). 

From  a  recent  paper  by  Dr.  Weiskopf,  I  can  quote  the  fol¬ 
lowing  cost  figures  per  metric  ton  (2205  lbs.)  for  Germany  and 
Sweden : 

Schumacher  process  (magnesium  chloride)  41c. 

Scoria  (basic  slag  and  lime)  34c. 

Nodules  (cylinder)  60c. 

Pot  processes  29c  to  48c. 

Groendal  (Swedish  cost)  $1.00  to  $1.10. 

The  Author  :  In  the  desulphurization  and  simultaneous 
agglomeration  of  pyrites  cinder  it  has  been  claimed  that  cer¬ 
tain  of  these  processes  do  not  remove  the  sulphur  where  it 
exists,  as  calcium  sulphate  or  in  some  combination  with  barium. 

At  the  Birdsboro  plant,  tests  were  made  upon  practically 
all  iron-bearing  materials  which  contain  sulphur  requiring  re¬ 
moval  to  render  it  a  desirable  blast  furnace  material.  This 
included  practically  all  the  foreigen  and  domestic  varieties  of 
pyrites  cinder  used  in  this  country.  When  the  question  of  the 
influence  of  the  calcium  and  barium  compounds  of  sulphur 
upon  the  degree  of  desulphurization  arose,  we  made  up  synthetic 
mixtures  of  these  materials  to  determine  such  influence.  ‘With 
mixtures  of  both  calcium  sulphate  and  barium  sulphate  and 
iron  oxide  free  from  sulphur,  sinter  was  produced  therefrom 
containing  under  one-tenth  of  one  percent  sulphur. 

In  the  early  experiments  upon  this  desulphurization,  small 
lots  were  tested  on  a  small  intermittent,  hollow  trunnion  tilting 
pot  furnace.  There  was  much  trouble  from  the  variation  of 
the  sulphur  of  the  product  in  different  sections  of  the  pot 
charge.  It  was  determined  that  due  to  certain  “spots”  of 
varible  temperature  of  the  sintering  charge,  the  desulphuriza¬ 
tion  was  improperly  effected.  However  when  operating  upon 
car  load  lots,  upon  the  continuous  machine  the  essential 


DISCUSSION - SINTERING  PROCESS  FOR  IRON-BEARING  MATERIALS  643 

temperature  control,  to  the  uniformly  desulphurized  product 
was  easily  maintained. 

Chairman  John  S.  Unger:*  There  are  a  few  questions  1 
would  like  to  ask.  In  discussing  the  question  of  the  dispo¬ 
sition  of  flue  dust,  I  am  rather  in  a  peculiar  position.  The 
Corporation,  with  which  I  am  associated,  is  operating  at  the 
present  time  a  briquetting  process,  a  nodulizing  kiln,  a  Dwight- 
Llovd  process  and  has  a  Greenawalt  plant  under  construction, 
consequently,  we  are  interested  in  almost  all  the  methods  of 
disposing  of  flue  dust.  In  addition,  we  are  using  a  great  deal 
of  untreated  flue  dust,  charging  it  back  into  the  blast  furnace. 

The  points  I  desire  to  ask  Mr.  Klugh  are  these: 

First :  What  difference  is  there  in  treating  flue  dust  by  the 
Dwight-Lloyd  process,  if  the  flue  dust  has  been  kept  in  stock  for  a 
year  or  more,  as  compared  with  fresh  flue  dust  from  the  blast  furnace? 

Second :  In  the  operation  of  the  Dwight-Lloyd  process,  what 
trouble  do  you  find  with  that  portion  of  the  sinter  adjacent  to  the 
edges  of  the  casting  that  acts  as  an  edge  for  the  string? 

Third:  What  difficulties  do  you  find  in  the  sintering  of  flue  dust 
from  the  various  furnaces?  I  mean  flue  dust  from  one  of  the  Pitts¬ 
burgh  furnaces,  using  Lake  Superior  ore,  and  flue  dust  from  one  of 
our  eastern  furnaces  in  which  the  burden  is  made  up  of  local  or 
imported  ores? 

Fourth:  What  changes  might  be  expected  in  the  ignition  and 
sintering  if  in  addition  to  the  coke  which  is  in  the  flue  dust  a  greater 
or  less  quantity  of  bituminous  coal  would  be  added? 

Fifth :  How  does  the  Dwight-Lloyd  sinter  weather? 

While  the  answers  are  being  prepared  I  want  to  look  at 
this  flue  dust  problem  from  a  little  different  point  of  view  than 
most  of  you  have  considered. 

Most  of  the  work  in  the  artificial  preparation  of  flue  dust 
has  been  done  with  the  idea  of  producing  a  material  suitable 
for  blast  furnaces.  We  are  confronted  with  a  new  problem : 
Open  hearth  furnaces  have  supplanted  the  bessemer  converter 
to  such  an  extent  that  the  necessity  for  ores  that  are  well 
adapted  for  use  in  the  open  hearth  has  become  apparent.  The 
natural  supply  of  ores  for  this  purpose  is  gradually  being 
exhausted,  while  the  problem  of  securing  a  substitute  is  a  serious 
one.  The  heavy  lump  varieties,  such  as  might  be  used  in  oreing 

•Manager,  Central  Research  Laboratory,  Carnegie  Steel  Company,  Du- 
quesne,  Pa. 
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down  a  heat  of  open  hearth  steel,  are  becoming  very  scarce  and 
in  a  few  years  they  will  be  exhausted.  The  open  hearth  manager 
formerly  used  lump  ore  in  his  initial  charge  and  for  oreing 
down.  In  later  years  he  has  used  semi-lump  ores  for  the 
initial  charge,  in  which  the  ore  varied  from  lumps  the  size  of 
one’s  fist  down  to  the  size  of  rice.  This  semi-lump  ore  is 
gradually  becoming  scarcer. 

In  working  with  a  high  pig  percentage  in  an  open  hearth 
furnace,  by  far  the  largest  portion  of  ore  used  in  the  process 
is  the  fine  ore  used  in  the  initial  charge.  Ordinarily  it  amounts 
to  about  15  percent  of  the  metallic  charge  that  goes  in  the 
furnace,  while  the  amount  of  lump  ore  used  in  oreing  down  the 
bath  will  average  from  two  to  four  percent. 

We  are  confronted  with  the  condition  that  we  must  have 
a  substitute  for  both  the  lump  ore  for  oreing  down  and  the 
fine  ore  used  in  the  initial  charge.  Such  a  substitute,  made 
of  briquetted  flue  dust,  has  been  used  in  our  various  open 
hearth  furnaces,  either  for  the  initial  charge  or  for  oreing 
down,  for  about  six  months. 

To  take  a  heterogenous  material,  such  as  flue  dust,  varying 
from  5  to  35  percent  carbon,  showing  great  variations  in  silica, 
lime,  iron  and  other  constituents,  and  prepare  a  finished  pro¬ 
duct  of  over  60  percent  metallic  iron,  not  over  0.40  percent 
carbon,  nor  over  8.0  percent  silica,  such  as  required  for  an 
open  hearth  furnace,  has  been  a  very  difficult  undertaking. 
Flue  dust  is  one  of  the  hardest  things  to  briquette  successfully 
and  meet  those  chemical  conditions  I  have  specified. 

The  ideal  condition  for  open  hearth  material  would  be  to 
make  a  lump,  man-handling  size,  approximately  20  lb.  in  weight, 
of  a  high  specific  gravity,  from  4.0  to  5.0,  or  approaching  that 
of  the  natural  high  grade  lump  ore  as  nearly  as  possible.  This 
material  must  stand  weathering.  A  season’s  supply  of  open 
hearth  ore  is  rarely  stocked  at  an  open  hearth  department,  but 
usually  in  a  field,  and  as  the  open  hearth  department  requires 
their  ore,  it  is  brought  in. 

The  material  must  stand  the  original  loading  into  a  car, 
the  unloading  and  dropping  from  a  trestle,  reloading  into  a  car. 
unloading  at  the  open  hearth  department,  handling  over  the 
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floor,  and  still  retain  its  shape.  This  has  been  a  very  difficult 
specification  to  meet. 

At  the  Edgar  Thomson  briquetting  plant  we  have  been  able 
to  make  a  material  from  blast  furnace  flue  dust  which  is  well 
within  the  chemical  composition  given.  This  material  has  a 
specific  gravity  very  close  to  3.0,  and  will  stand  weathering,  if 
it  is  not  handled  while  wet. 

We  have  not  been  able  to  make  a  briquette  that  possesses 
all  the  qualities  of  a  lump  ore,  or  as  we  call  it  in  the  shop,  a 
material  that  has  the  paving  brick  specifications.  We  have 
made  considerable  progress  in  the  last  -  two  years,  but  how 
much  closer  we  will  be  able  to  get  I  do  not  know. 

We  know  that  to  make  a  material  of  that  kind,  it  is  neces¬ 
sary  to  concentrate  the  raw  material  to  bring  it  down  to  some 
uniformity.  We  have  had  our  troubles  and  are  a  long  way 
from  success  yet,  but  the  fact  remains,  that  every  pound  we 
are  making,  and  we  are  making  from  7  000  to  10  000  tons  a 
month,  is  being  used  in  our  open  hearth  furnaces. 

The  use  of  flue  dust  in  the  blast  furnace  is  not  the  onlv 
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problem.  If  we  must  spend  money  to  prepare  flue  dust  to 
charge  back  into  the  blast  furnace,  and  the  necessity  exists  for 
a  material  to  replace  our  lump  and  semi-lump  ores  in  the  open 
hearth  furnace,  even  at  some  additional  cost,  I  think  the  open 
hearth  problem  is  the  greater  of  the  two. 

The  Author  :  The  stock  or  weathered  flue  dust  sinters 
much  better  and  maintains  its  permeability  within  the  sinter¬ 
ing  bed  much  better  than  does  the  flue  dust  fresh  from  the 
furnace.  This  difference  is  probably  due  to  the  small  degree 
of  hydration  which  the  stock  flue  dust  has  undergone. 

There  is  absolutely  no  difficulty  from  the  raw  edges.  The 
gasoline  torch  method  of  ignition  has  been  entirely  replaced 
with  the  oil  or  gas  furnaces,  which  has  entirely  corrected  the 
occasional  difficulties  noted  in  the  early  stages  of  the  adaptation 
of  the  process  to  iron-bearing  materials. 

We  have  found  no  difference  in  sintering  flue  dust  made 
entirely  from  Lake  Superior  ores,  and  that  made  entirely  from 
Eastern  and  foreign  ores.  Both  classes  have  certain  individual 
peculiarities  within  themselves.  Certain  minor  modifications 
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of  operating  detail  will  be  necessary  from  time  to  time  to 
maintain  the  quality  and  output  of  the  product.  These  may 
be  momentarily  observed  and  adjusted  without  interruption  or 
difficulty,  on  the  continuous  machine. 

No  changes  whatever  are  reuired  in  either  the  ignition 
or  other  sintering  details,  from  the  use  of  different  fuels.  We 
have  used  over  considerable  periods,  coke  breeze,  bituminous 
coal  and  anthracite  screenings.  We  have  used  on  test  lots, 
charcoal,  lignite  and  sawdust,  as  fuels,  and  in  no  case  was  any 
difference  in  the  efficiency  or  the  operation  noted.  In  de¬ 
sulphurization  of  a  pyrites  cinder,  a  comparative  test  on  the 
use  of  charcoal  with  practically  no  sulphur,  and  a  bituminous 
coal  with  over  three  percent  sulphur  was  used.  The  pyrites 
cinder  contained  over  two  percent  sulphur  and  the  product, 
using  both  the  above  fuels,  were  respectively  0.045  and  0.046. 
Hence  the  selection  of  the  fuel  for  sintering  by  *the  Dwight 
and  Lloyd  process  will  depend  entirely  upon  its  local  cost. 

The  only  instance  we  have  of  the  weathering  of  Dwight 
and  Lloyd  sinter,  is  that  of  a  case  at  Birdsboro,  where  due  to 
the  furnace  being  out  of  blast,  several  thousand  tons  were 
stocked  for  a  period  of  about  eight  months.  This  period 
covered  March  1912  to  January  1913,  hence  included  freezing 
and  other  weathering  conditions.  The  structure  was  prac¬ 
tically  unchanged.  There  was  no  disintegration  whatever. 

Dr.  John  S.  Unger  :  How  will  you  provide  for  the  varia¬ 
tion  in  a  pile  of  stock  flue  dust  which  has  been  made  up  of 
shipments  from  a  number  of  furnaces,  in  which  the  carbon  will 
vary  within  two  or  three  feet  in  the  same  pile  as  much  as  from 
5  to  30  percent.  How  can  you  successfully  sinter  such  dust 
without  some  form  of  preliminary  concentration?  How  will 
you  prepare  a  product  so  you  can  make  your  mixture  and  add 
or  reduce  your  carbon  to  sinter  properly? 

The  Author  :  As  stated  in  the  text  of  the  paper,  the 
easiest  method  of  handling  the  variable  stockpile  flue  dust  is  by 
concentration.  The  next  easier  solution  for-  the  sintering  oper¬ 
ation  is  by  dilution  of  the  carbon  with  the  fine  ores  which 
will,  under  usual  conditions,  make  flue  dust.  On  the  other 
hand  the  flexibility  of  the  x>rocess  allows  the  use  of  the  raw 
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flue  dust  alone  as  such.  This  was  demonstrated  on  a  com¬ 
mercial  scale  at  Birdsboro,  where  we  operated  upon  flue  dust 
within  the  limits  of  carbon  content  mentioned  in  the  ques¬ 
tion,  viz :  5  to  30  percent.  Although  the  variations  occur,  as 
Dr.  Unger  states,  within  three  feet,  these  stock  piles  are  usu¬ 
ally  built  up  in  blanket  layers.  The  reclaiming  of  the  stock¬ 
pile  is  generally  done  by  means  of  a  steam  shovel,  which  cuts 
these  blanket  layers  in  a  vertical  plane.  In  this  way  the 
averaging  of  the  pile  is  approximated  after  the  same  manner 
of  the  ore  bedding  systems  of  the  non-ferrous  smelters.  This 
method  is  employed  largely  in  that  field  and  is  utilized  on  a 
monumental  scale  at  Cananea,  where  a  stock  pile  of  the  var¬ 
ious  materials  of  the  charge  is  built  up  and  then  cut  through  as 
a  means  of  averaging  it.  Properly  sampling  the  stockpile 
would  determine  in  what  part  lay  the  various  carbon  contends 
of  the  dust.  Variation  within  a  few  percent  can  be  determined 
by  the  visual  observation.  It  may  then  be  placed  in  different 
bins  according  to  its  varying  carbon,  and  the  mixture  made  up 
continuously  and  uniformly  from  these  bins. 

The  very  interesting  remarks  of  Dr.  Unger  have  thrown  a 
new  light  upon  the  very  broad  subject  of  ore  reclamation.  The 
Dwight  and  Lloyd  process  has  not  been  operated  with  a  view 
to  producing  material  conforming  to  the  specifications  he  has 
made  for  an  open  hearth  material.  Its  structure  has  been 
so  near  the  ideal  of  the  blast  furnace  requirement,  that  no 
effort  in  that  line  was  required.  No  doubt  a  little  study  along 
this  line  will  result  in  the  production  of  material  needed  for 
such  use.  All  sinter  made  from  magnetic  ores,  ore  concen¬ 
trates,  or  roll  scale,  tends  to  assume  very  large  lumps.  The 
product  from  such  material  discharges  from  the  machine  in 
the  same  shape  and  size  as  the  original  bed.  It  requires  certain 
adjustments  in  practice  to  keep  the  size  of  the  lumps  down  to  a 
size  that  will  pass  the  bell  of  the  furnace,  when  sintering  the 
above  materials.  Since  there  are  several  materials  which  in¬ 
herently  produce  a  sinter  suitable  for  open  hearth,  it  appears 
that  there  should  be  little  difficulty  in  adapting  it  to  the  pro¬ 
duction  of  a  specific  open  hearth  material. 

Mr.  Wallace  G.  Imhoff:  In  Dr.  Unger’s  discussion  he 
said  in  substance  “I  believe  a  far  more  urgent  need  of  the 
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briquette  ore  is  to  replace  the  ore  of  the  initial  charge  and  the 
hard  ore  used  in  oreing  down  in  the  open  hearth  furnaces. 
As  these  high  grade  ores  are  becoming  more  scarce  each  year 
with  a  necessary  rise  in  price,  we  have  felt  the  urgent  demand 
of  replacing  them,  and  have  tried  to  duplicate  them  to  a  very 
great  extent  with  our  briquette  ore.  But  the  process  is  only 
about  three  quarters  complete,  for  this  ore  lacks  the  strength  of 
the  hard  ore.” 

In  order  to  duplicate  anything  we  must  know  how  the 
original  was  made,  and  from  this  point  of  view,  I  would  make  a 
suggestion  which  might  be  of  value  in  the  final  stage  of 
making  briquette  ore  to  replace  the  hard  ore.  The  hard  ores 
meet  the  requirements,  they  have  the  desired  strength  and  are 
suitable  for  use  in  lowering  the  carbon.  This  final  stage  of 
briquette  ore  is  perhaps  to  be  found  by  making  inquiry  into 
the  origin  of  the  hard  ores. 

The  hard  ores  are  supplied  mainly  from  two  iron  ranges; 
the  Vermilion  Iron  Range  in  Minnesota  and  the  Marquette 
Iron  Range  in  Michigan.  Using  the  hard  ores  of  the  latter 
for  discussion  we  note  that  they  are  found  geologically  at  the 
top  of  the  Negaunee  Iron  Formation,  or  at  the  base  of  the 
Goodrich  Quartzite.  The  ores  of  the  Negaunee  Formation  are 
found  at  three  horizons,  the  hard  ores  lying  on  top,  the  soft 
ores  in  the  middle  and  at  the  bottom. 

The  hard  ore  was  formed  during  the  erosion  period  between 
Upper  Huronion  time  and  Middle  Huronian  time,  and  at  the 
close  of  Middle  Huronian  time  existed  as  a  soft  ore  at  the  top 
of  the  Negaunee  Formation.  Following  the  formation  of  this 
soft  ore  there  came  a  period  of  deformation  accompanied  by 
intense  folding  in  which  this  soft  ore  was  dehydrated  and  re- 
crystallizefi,  resulting  in  the  hard  ore  formation.  The  earth 
movements  were  probably  accompanied  with  great  heat  and 
pressure.  Therefore  in  order  to  duplicate  this  ore,  or,  in  other 
words,  to  make  an  ore  artificially  which  will  be  similar  to  it, 
the  requirements  should  be : 

First :  Fine  grain;  for  these  hard  ores  have  an  exceed¬ 
ing  fine  texture. 

Second:  Heat. 

Third :  Pressure. 
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Mr.  W.  A.  Rowe  :*  I  would  like  to  ask  a  question  about  the 
air  supply.  In  tests  which  have  been  brought  to  my  attention, 
the  supply  has  been  considerably  in  excess  of  the  mechanical 
requirements  for  perfect  combustion.  Undoubtedly  this  is  due 
to  conditions  inherent  in  the  process  but  upon  which  an  effort 
can  be  made  to  minimize  the  excess  of  air  to  more  nearly  that 
required  for  perfect  combustion.  I  would  therefore  like  to 
ask  what  excess  of  air  above  the  combustion  requirements  is 
needed  for  the  process? 

The  Author:  With  this  as  with  all  combustion  processes, 
100  percent  efficiency,  with  no  excess  of  air  may  be  attained. 
Furthermore  the  production  will  depend  upon  the  carbon  burn¬ 
ed  per  square  foot  of  hearth  area  per  unit  of  time,  which  in 
turn  depends  upon  the  volume  of  gases  passing  through  the  bed. 

Actual  practice  in  recent  installations  has  kept  the  ex¬ 
cess  of  air  between  fifty  and  eighty  percent.  This  has  been 
accomplished  through  careful  regulation  of  the  distribution  of 
the  material  forming  the  sintering  bed,  so  as  to  maintain  uni¬ 
form  permeability  over  the  entire  continuously  operating 
hearth  area. 

Mr.  W.  A.  Rowe:  We  know  of  instances  where  the  suction 
used  ranges  from  10  to  24  in.  w.  g.  and  the  thought  occurs 
to  me  that  if  it  would  be  possible  to  carry  on  the  process  where 
the  amount  of  air  is  more  nearly  proportioned  with  the  actual 
chemical  requirements,  would  it  not  be  possible  to  decrease  the 
water  gauge,  thereby  effecting  a  large  economy  in  horse  power? 

What  rule  is  used  to  determine  what  excess  of  air  is  desired, 
making  allowance  for  losses,  leakage  in  piping,  etc.  ? 

The  Author  :  This  query  involves  a  rather  complicated 

9 

theoretical  problem,  as  the  four  phases  of  volume  passing  the 
bed,  pressure  drop,  fan  speed  and  power  consumption  are  to  be 

considered. 

The  practical  considerations  are  somewhat  simpler.  Ob¬ 
viously  the  passage  of  the  greatest  effective  volume  through  the 
bed  is  desirable.  This,  however,  must  pass  through  the  bed 
under  a  certain  resistance  and  velocity  in  order  that  the  most 

•Manager,  American  Blower  Company,  Empire  Building,  Pittsburgh. 
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efficient  combustion  be  maintained.  Our  practice  has  shown 
that  with  a  suction  of  10  in.  w.  g.  the  resistance  within  the 
bed  is  insufficient  for  the  highest  efficiency  of  combustion ; 
that  is,  there  are,  in  such  a  case,  too  many  voids  allowing  free 
air  to  pass.  In  such  case,  the  permeability  is  adjusted  by  rais¬ 
ing  the  layer.  At  about  13  in.  the  most  efficient  operation  is 
attained.  Higher  suction,  that  is,  up  to  24  in.  w.  g.,  is 
usually  the  result  of  too  much  resistance  in  the  bed,  and  is 
usually  accompanied  by  a  decreased  production. 

Mr.  W.  A.  Rowe:  Would  it  not  be  a  good  plan  to  use 
speed  control  on  the  fan  so  that  if  the  air  reqiurements  become 
less,  or  if  a  smaller  amount  of  air  would  prove  satisfactory,  the 
suction  could  be  decreased  correspondingly  by  reducing  the 
speed  of  the  fan? 

The  Author  :  Having  operated  plants  with  and  without 
speed  control,  we  think  it  the  most  efficient  operation  to  run 
the  fan  at  a  constant  speed,  for  exhausting  the  maximum  vol¬ 
ume  of  gases,  with  efficient  sintering,  and  then  regulate  the 
permeability  of  the  bed  to  conform  to  that.  On  account  of  the 
operation  of  the  Dwight  and  Lloyd  machine  being  entirely 
continuous,  such  regulation  is  very  simple  and  once  attained 
for  a  given  material,  its  continuation  is  practically  automatic. 

Mr.  W.  A.  Rowte  :  Is  there  any  variation  in  the  water 
gauge  required  for  different  portions  of  the  fuel  bed? 

The  Author  :  As  is  shown  in  the  drawing,  the  machine 
has  the  windbox  field  divided  into  four  sections.  This  is  for 
the  purpose  of  allowing  regulation  of  the  suction  in  case  the 
bed  decreases  its  resistance  as  it  sinters  downward.  Different 
materials  behave  differently  in  this  respect.  With  flue  dust 
there  is  little  variation  in  this  feature,  as  the  thin  layer  of 
dry  dust,  which  lies  between  the  sintered  portion  on  top  and 
the  moist  unsintered  portion  of  the  bottom,  fixes  the  resistance. 
Hence  the  actual  required  suction  is  practically  the  same  for 
the  entire  bed.  When  the  suction  on  the  discharge  end  wind- 
box  drops,  it  shows  that  the  machine  is  running  under  capacity, 
and  must  be  speeded  up. 

In  this  principle,  of  passing  a  regulated  stream  of  ma- 
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terial  through  a  fixed  and  regulated  field  of  treatment,  lies 
the  advantageous  control  of  the  continuous  process. 

Mr.  W.  G.  I m hoff  :  In  one  place  you  suggested  the  in¬ 
fluence  of  water  on  the  sinter.  I  am  of  the  opinion  that  water 
does  not  have  anything  to  do  with  it.  For  instance,  in  the 
Grondal  process  it  is  used  as  a  binder  for  the  bricks  in  press¬ 
ing,  and  in  the  Dwight  &  Lloyd  process  it  is  used  to  hold  the 
material  on  the  grate  bars.  By  experiments  of  furring  bricks 
with  water  and  without  water  I  could  find  absolutely  no  direct 
influence  on  the  product  other  than  its  mechanical  use  in  the 
process. 


THE  ADVANCEMENT  IN  BITUMINOUS 

COAL  MINING 
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It  has  been  said  by  a  former  president  of  this  Society  that 
the  President’s  address  consists  either  of  a  dissertation  on  some 
special  engineering  subject,  which  has  come  under  his  care  or 
observation,  or  to  write  a  review  of  the  engineering  accomplish¬ 
ments  which  have  taken  place  during  his  term  of  office.  I  will 
follow  somewhat  in  the  wake  of  this  statement  by  attempting  a 
review  of  the  advances  made  in  the  methods  of  producing  coal, 
not  for  the  last  year  alone  but  for  the  last  forty  years.  I  have 
taken  this  period  on  account  of  the  fact  that  it  covers  the  time 
during  which  I  have  had  more  of  less  intimate  knowledge  of 
the  business  as  well  also  the  period  in  which  practically  all  of 
the  present  day  mining  machinery  has  been  developed  and  put 
into  practical  operation.  I  began  working  in  the  No.  4  Mine 
of  the  New  York  &  Cleveland  Gas  Coal  Company  near  Turtle 
Creek  in  May,  1874,  at  which  time  there  was  no  machinery  used 
in  the  mining  of  coal,  other  than  the  pick  and  shovel,  sledge, 
wedge,  and  occasionally  an  outfit  for  shooting,  or  knocking  down 
the  coal  after  it  had  been  undercut  by  hand.  In  large  mines,  the 
coal  was  loaded  into  wagons  of  about  fifty  bushels  capacity,  see 
Fig.  1,  which  were  hauled  out  from  the  working  places  by  a 
mule  to  a  siding,  known  as  a  parting,  and  at  these  partings  were 
made  up  into  larger  trips  and  hauled  by  string  teams  of  mules 
to  the  outside  where  they  were  delivered  onto  a  tipple  to  be 
loaded  into  railroad  cars. 

Address  of  the  Retiring  President.  Presented  at  the  annual  meeting 
held  January  20  and  published  in  the  January,  1914,  issue  of  the  Proceedings. 

♦Consulting  Mining  Engineer,  Second  National  Bank  Building,  Pitts¬ 
burgh. 
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In  the  early  70 ’s  the  coal  mines  in  this  district  were  almost 
all  drift  mines,  although  there  were  a  few  slope  mines  and  an 
occasional  shaft  mine  but  these  were  the  exception  and  not  the 
rule  in  this  district. 

In  the  consideration  of  this  subject,  it  will  be  impossible 
in  the  time  available  for  this  address  to  do  more  than  touch 
upon  a  few  of  the  high  points  in  the  advancement  of  mining 
bituminous  coal,  and  having  in  mind  that  through  the  Mining 


Fig.  1.  Ordinary  Pit  Wagons  or  Mine  Car.  About  50  bu.  Capacity. 


and  Metallurgical  Section  of  our  Society,  we  can  arrange  var¬ 
ious  papers  which  will  deal  with  special  and  allied  subjects  such 
as  prospecting,  mine  opening,  equipment,  including  tipples,  head 
frames,  ventilation,  machinery,  etc.,  I  will  only  attempt  in  this 
paper  to  treat  the  two  subdivisions  of  mining  and  hauling  in 
their  development  from  hand  or  man  power  to  the  present  ap¬ 
plication  of  machinery  thereto. 
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MINING  OF  COAL 

In  order  to  make  clear  what  may  follow,  I  trust  those  fa¬ 
miliar  with  the  details  of  mining  operations  will  bear  with  me 
while  I  describe  as  briefly  as  possible  the  methods  of  mining 
before  the  advent  of  mining  machinery  so  that  a  clearer  idea 
of  the  application  of  machinery  may  be  obtained. 


The  system  of  mining  in  the  Pittsburgh  District  has  always 
been  the  room  and  rib,  or  stall  and  pillar  system  as  it  is  some¬ 
times  called. 

There  are  several  modifications  of  this  general  system  as 
shown  on  Fig.  1-A.  The  old  practice  in  first,  second  and  third 
pool  mines,  shown  in  “a”,  Fig.  1-A  is  known  as  a  “side  track 
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room/’  consisting  of  the  haulage  road  being  placed  on  one  side 
of  room  and  the  gob  on  the  other.  The  road  rib  is  pro¬ 
tected  by  driving  the  room  a  uniform  width  for  its  entire 
length  so  that  it  can  be  drawn  or  recovered  as  soon  as  the  room 
is  finished. 

Second,  is  the  method  shown  in  “b”,  Fig.  1-A,  called  a 
“ center  track  room”  where  the  haulage  road  is  carried  through 
the  center  of  the  room  and  the  gob  placed  on  each  side  of  the 
road. 


Fig.  1-B.  Miner  undercutting  Coal  in  the  Room  and  Rib  System. 


The  room  is  gradually  increased  in  width  until  for  some 
distance  at  the  ending  of  room  the  entire  ribs  and  room  are 
taken  out  together,  the  remainder  of  the  ribs  are  lost,  or  in 
other  words  no  attempt  is  made  to  draw  the  ribs. 

Third,  is  a  combination  of  the  first  and  second  systems  as 
shown  in  “  c”,  Fig.  1-A,  and  consists  of  driving  a  room  with 
the  haulage  road  in  middle  of  room,  and  in  driving  up  the  room 
to  maintain  it  at  a  uniform  width.  The  next  room  to  this 
“center  track  room”  continuing  up  the  entry  towards  the  face 
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of  the  working,  is  what  is  known  as  a  “double  track  room"  and 
consists  of  a  room  with  a  track  along  each  rib  and  the  gob 
placed  in  the  middle  of  the  room  space.  The  next  room  up 
the  entry  is  similar  to  the  first  room,  and  this  system  is  con- 
tinued,  every  other  room  being  a  “center  track  room”  and 
every  other  one  a  “double  track  room”.  In  this  system  the 
“center  track  rooms"  are  pushed  forward  as  rapidly  as  pos¬ 
sible  until  they  reach  their  limit  of  distance  when  the  track 
and  all  the  posts  that  can  be  recovered  are  withdrawn  and  the 


Fig.  l-C.  Miner  undercutting  Coal  in  the  Long  Wall  System. 


room  permitted  to  cave  in,  the  ribs  being  drawn  out  from  the 
“double  track  rooms”.  In  this  method  the  ribs  are  usually 
thinner,  and  are  brought  out  together  immediately  upon  the 
“double  track  room”,  reaching  its  destination. 

The  mining  operation  in  a  room  was  as  follows,  see  Figs. 
1-B,  l-C,  2,  3  and  4 :  The  miner  would  undercut  between  what 
is  known  as  the  bearing-in  bands,  which  consisted  of  two  small 
hands  of  slate  separated  by  about  four  to  five  inches  of  coal ; 
this  coal  was  softer  than  the  remaining  portion  of  the  seam  and 
the  cleavage  was  usually  very  free  from  these  slate  bands 
or  bearing-in  bands  as  they  were  commonly  called.  The 


/?  oac/  /-?/b 
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slips  or  main  cleavage  faces  of  the  coal  ranged  from  15  to  18  in. 
distant  from  and  were  practically  parallel  with  each  other,  and 
usually  the  miner  undercut  to  a  depth  of  about  two  of  these 
slips  ranging  from  30  to  36  in.  in  depth.  After  he  had 
his  working  place  undercut,  the  next  step  in  the 
process  was  to  shear,  or  cut,  a  cerf  up  the  side 
of  the  place  which  was  usually  on  the  road  side  of  the 
room  and  was  known  as  the  “tight-side.”  This  made  an  open 
end  to  the  coal  faces,  which  were  then  called  “butts”  and  the 
next  process  was  to  place  a  wedge  about  12  in.  down  from  the 


Fig.  2.  Plan  of  Room  Working. 


draw  slate  and  about  three  to  four  feet  from  the  end  open  cut 
or  “butts”,  and  this  wedge  driven  in  the  end- joint,  or  cross 
cleavage,  would  force  the  coal  off  the  main  cleavage  faces.  This 
was  repeated  until  the  entire  face  width  of  coal  was  knocked 
down.  After  which  the  bottom  coal  was  forced  up  and  out, 
and  then  the  draw  slate  was  taken  down  and  thrown  back  in 
the  gob  and  the  place  posted  to  make  it  safe,  which  usually 
consisted  of  two  or  three  rows  of  posts  placed  as  shown  in  Fig. 
2  and  the  process  repeated.  The  mining  operation  in  a  rib 
as  shown  in  Fig.  5  and  Fig.  6  was  the  same  with  the  excep¬ 
tion  that  on  account  of  the  rib  being  open  at  the  end,  it  was 
not  necessary  to  shear  the  coal.  The  undercutting  and  knock- 
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ing  of  the  coal,  however,  was  done  in  the  same  manner  as  in 
rooms,  but  sometimes  when  the  weight  was  thrown  forward  on 
the  coal,  in  order  to  make  it  mine  easily,  it  became  necessary 
to  block  or  “sprag  it”  up,  so  as  to  prevent  it  falling  on  the 
miner.  The  remainder  of  the  work  was  the  same  as  described 


Fig.  3.  Face  Elevation  of  Room  Working. 


above  in  the  room  work,  with  the  exception  of  posting  and 
taking  down  the  slate.  The  posting  is  done  under  the  slate 
so  as  to  prevent  the  work  of  handling  the  slate  which  is  off¬ 
set  to  some  extent  bv  the  extra  labor  necessarv  to  do  the  ad- 

•/  %/ 

ditional  posting. 


/-?<=>  oY  C^oa/ 


To 
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C/&at/ac?e  /rces  arrc/  £3csf/s 
oboisS-  / Q  /rrc/rt^S  o/oor-'A 


i//7c/&r  cc/f~ or 
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£3r/cA  do  a/  — A ~/oor  or  ^3  o//om 


Fig.  4.  Side  Elevation  of  Room  Working. 


The  first  operation  in  the  drawing  or  pulling  of  a  rib,  as 
it  is  termed  by  the  miner,  is  to  “cut  it  over”  which  process  is 
to  drive  an  opening  through  the  rib  from  one  room  to  another, 
see  Fig.  5,  after  this  has  been  done  the  retreat  proper  takes 
place,  and  when  the  coal  from  25  to  50  ft.,  depending  on  the 
character  of  the  overlying  strata,  of  the  rib  is  mined  out.  the 
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posts  are  then  drawn  or  taken  out  and  some  of  them  are  set 
in  what  is  called  a  “break-row”,  placed  from  18  to  36  in.  from 
the  working  face  of  the  coal  and  the  hill  back  of  this  break- 
bow  is  allowed  to  fall  in.  Another  system  often  practiced  where 
roof  conditions  permitted  it,  was  the  “three  row  post  system”, 


See  Fig.  5,  which  consisted  of  three  rows  of  posts  set  staggered. 
As  soon  as  a  cut  of  coal  was  loaded  out,  the  back  row  of  posts 
was  moved  forward  and  then  became  the  front  row.  This 
process  was  continued  until  the  entire  rib  wras  drawn  or  until 
the  entry  stump  or  pillar  w’as  reached.  An  average  day’s 
work  was  considered  to  be  the  mining  of  about  two  hundred 
bushels  of  mine  run  coal. 


Fig.  6.  Side  Elevation  of  Rib  Working. 
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The  miners  in  those  days  consisted  principally  of  English 
speaking  men,  which  included  English,  Scotch,  Welsh,  Irish 
and  in  addition  to  these  quite  a  number  of  Germans  and  French¬ 
men,  all  of  whom  were  well  versed  in  the  knowledge  of  mining 
and  of  keeping  their  working  places  in  safe  condition.  They 
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also  understood  thoroughly  the  matter  of  ventilation  and  hand¬ 
ling  of  gas  and  thus  by  each  one  keeping  himself  and  his  own 
place  in  a  safe  condition,  the  entire  mine  was  kept  in  a  safe 
condition  with  very  little  instruction  from  the  mine  foreman, 
or  pit  boss,  as  he  was  commonly  called.  These  men,  while  not 
knowing  it  themselves,  had  a  great  deal  of  scientific  knowledge 
and  used  it  in  their  every  day  work  in  various  wavs.  On 


Fig.  8.  Miners  undercutting  with  Air  Puncher  Machine. 

arriving  in  his  working  place,  the  first  thing  a  miner  did  was 
to  take  his  pick  and  sound  out  all  the  portions  of  his  roof, 
as  well  as  the  draw  slate  and  coal  so  as  to  ascertain  if  the  place 
was  safe  to  work  in.  If  he  should  find  upon  sounding  that  a 
certain  portion  of  the  place  needed  posting  in  order  to  make 
it  safe,  that  would  be  the  first  thing  done  by  the  miner.  Then 
again  at  times  in  drawing  the  rib,  the  miner  would  regulate  the 


TAYLOR — ADVANCEMENT  IN  BITUMINOUS  COAL  MINING  663 

working  of  his  rib  by  placing  the  post  near  to  the  face,  or 
farther  back,  depending  on  whether  there  was  too  much  weight 
on  the  rib  or  not.  If  the  rib  was  “working  hard”  he  would 
then  work  toward  getting  the  post  a  good  distance  back  from 
the  face.  By  so  doing,  the  weight  would  be  transposed  to  the 
face  of  the  rib  and  this  would  make  the  mining  quite  easy. 

The  expression  of  the  miner  is  “to  throw  the  weight  for¬ 
ward”  or  “to  throw  the  weight  back”,  and  while  the  knowl¬ 
edge  of  the  underlying  principles  of  mechanics  governing  this 
work  was  unknown  to  them,  yet  in  practical  operation  of  these 
principles,  they  were  masters. 


Fig.  9.  Cross-section  of  place  undercut  with  Puncher  Machine  show¬ 
ing  Drill  Hole  for  Blasting. 

Another  thing  quite  incredible  to-day  was  the  fact  that 

little  surveying  was  done  in  the  early  days,  and  the  entries  or 

places  which  were  being  driven  to  meet,  were  mostly  -driven  by 

measurement  and  sounding,  instead  of  getting  the  direction  by 

use  of  the  surveyor’s  instrument.  Many  miners  became  so  adept 

in  this  kind  of  work  that  they  could  tell  to  a  verv  few  feet. 

«/  * 

not  only  the  direction  but  the  distance  they  would  have  to  go 
before  the  places  would  meet.  These  are  only  a  few  of  the 
really  scientific  actions  that  the  miner  performed  in  the  early 
days  of  mining,  and  still  does  to  some  extent,  without  having 
any  idea  of  its  being  applied  science. 

This  brief  description  will  represent  the  condition  of  the 
mining  industry,  more  or  less  accurately  up  until  about  187-> 
or  1880,  when  on  account  of  a  number  of  conditions  the  ques¬ 
tion  of  machinery  for  mining  coal  became  a  matter  of  grave 
consideration  with  the  operators  of  mines  in  this  district. 

The  result  of  this  was  the  advent  of  an  air  punching  ma¬ 
chine  which  did  the  work  of  the  miner  in  under-cutting  the 
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coal,  shown  in  Fig.  7  and  Fig.  8.  The  other  parts  of  the  work, 
however,  remained  as  stated  above.  This  meant  considerable 
saving  inasmuch  as  two  men  with  an  air  puncher  mining  ma¬ 
chine  would  under-cut  from  sixty  to  one  hundred  tons  per  day, 
depending  upon  conditions,  while  three  or  four  men  would  load 
this  coal  into  wagons. 

The  above  illustrations  will  serve  to  give  a  correct  idea  of 
the  appearance  of  the  pick  machine.  It  is  mounted  on  wheels 
16  to  20  in.  diameter,  according  to  the  requirements;  weighs 
from  550  to  900  lb.  and  is  easily  moved  from  one  place  to  an- 


Fig.  10.  Original  Cutter  Bar  Machine. 

From  which  J.  A.  Jeffrey  developed  the  first  practical  Coal  Cutting 

Machine.  1876-1877. 

other,  the  time  consumed  in  moving  from  room  to  room  of  av¬ 
erage  length,  including  loading  and  unloading,  being  about  ten 
minutes.  In  operation  the  machine  is  placed  on  a  platform 
made  of  2-inch  plank,  about  eight  feet  long  and  three  feet  wide, 
which  is  so  inclined  towards  the  face  by  means  of  a  trestle 
under  the  outer  end  that  the  recoil  of  the  machine  is  neutral¬ 
ized  by  gravity  and  feeds  down  to  the  coal.  The  method  of 
mining  is  as  follows ;  The  runner  sits  on  the  platform 
behind  the  machine,  which  he  holds  by  the  handles ; 
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the  pick  is  shot  against  the  coal  by  means  of  com¬ 
pressed  air  at  a  pressure  from  40  to  75  lb.,  striking  with  a 
force  and  speed  which  can  readily  be  adjusted  to  range  from 
160  to  250  blows  per  minute,  at  a  force  per  blow  of  from  5  to 
1500  lb. 

The  improved  adjustment  admits  of  long,  slow,  hard  blows, 
the  reduction  of  speed  not  reducing  the  force  of  blow  unless 
desired ;  any  kind  of  a  blow  can  be  secured  with  the  regulators. 


Fig.  11.  First  Cutter  Bar  Mining  Machine  built  by  Jeffrey  Mfg.  Co. 

with  Vertical  Air  Engines. 

The  runner  uses  a  block  attached  to  his  shoe  by  a  strap  to 
chock  the  wheels  of  the  machine  against  the  recoil,  and  under¬ 
mines  to  the  depth  of  about  12  in.  with  an  average  height  of 
four  inches.  With  a  few  blows  placed  higher  up,  the  coal  is 
blocked  down  in  chunks  to  a  height  of  14  in.,  sloping  towards 
the  back.  This  process  is  repeated  until  there  is  no  longer  any 
necessity  for  blocking,  and  the  last  2]/2  feet  are  finished  by 
undermining  only  an  average  of  four  inches  in  height,  about 
five  feet  of  face  being  cut  with  one  setting  of  the  board.  By 
undercutting  in  this  way  a  large  proportion  of  the  minings 
are  lump  and  nut,  with  but  a  small  amount  of  slack.  It  is 
claimed  that  by  ordinarily  careful  work  more  than  one-half  of 
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the  undercuttings  will  go  over  a  1^4  inch  screen,  and  most  of 
the  remainder  is  nut  and  pea.  On  the  other  hand,  high  wheels 
can  be  used  it  nut  and  slack  are  desirable,  and  the  mining  mav 
be  done  without  producing  lump.  When  the  first  cut,  from 
lour  to  five  feet  wide,  is  finished,  the  board  is  moved  across 
the  face  and  another  cut  commenced,  this  shifting  of  the  board 
taking  only  a  couple  of  minutes,  or  the  helper ’may  have  a  sec¬ 
ond  board  set  ahead,  in  which  case  the  cutter  need  not  even 
stop  until  the  room  is  finished ;  the  same  process  is  repeated 
until  the  undermining  of  the  room  is  completed.  The  machine 


Fig.  12.  Cutter  Bar  Mining  Machine  with  Horizontal  Air  Engines. 

is  then  loaded  on  a  truck  and  run  into  another  room,  where  it 
can  be  at  work  again  in  from  five  to  ten  minutes,  the  truck 
and  machine  together  weighing  so  little  that  it  can  be  easily 
handled  by  the  runner  and  his  helper  without  a  mule. 

After  a  room  has  been  undermined  by  the  “puncher”,  it 
presents  the  same  appearance  as  if  it  had  been  cut  by  a  pick 
in  the  hands  of  a  skilful  miner,  see  Fig.  9.  The  mining,  if  six 
feet  deep,  is  14  in.  high  in  the  front,  sloping  back  as  in  a  cut 
made  by  hand;  if  only  five  feet  deep,  the  cut  is  12  in.  in  front, 
sloping  back  to  two  inches.  This  makes,  in  the  former  case, 
an  average  of  eight  inches  taken  out  in  the  shape  of  mining. 


TAYLOR — ADVANCEMENT  IN  BITUMINOUS  COAL  MINING 


667 


It  is  claimed  for  the  puncher  machines  that  they  can  he 
worked  anywhere  that  a  hand  pick  miner  can  work,  both  in 
rooms  and  ribs,  and  that  it  is  not  necessary  to  move  posts  or 
props,  but  only  that  they  shall  be  set  with  some  regularity  so 
that  the  cutting  board  may  be  placed  between  props  and  to  a 
very  great  extent  this  is  true.  However,  it  may  be  stated 
here  that  each  class  of  machines,  both  air  and  electric,  has 
some  advantages  which  the  other  does  not  possess. 


Fig.  13.  First  Chain  Breast  Machine  Built. 

From  which  the  present  Chain  Machine  was  developed. 


The  air  punching  machine  of  the  Harrison  type  was  intro¬ 
duced  into  Illinois  as  earlv  as  1860  but  was  not  introduced  into 

•/ 

the  Pittsburgh  District  until  about  1878  to  1880.  There  are  a 
number  of  makes  of  this  puncher  type  of  machine  which  are 
about  equally  efficient  and  which  are  practically  the  same  as 
shown  in  Fig.  7  and  Fig.  8. 

The  next  great  step  in  the  progress  of  the  mining  machine 
was  brought  out  by  the  Jeffrey  Mfg.  Company,  the  experiments 
in  connection  with  which  was  made  by  Mr.  J.  A.  Jeffrey  and 


Fig.  14.  Solenoid  Electric  Puncher  Machine. 

First  Pick  Machine  built  by  the  Morgan-Gardner  Electric  Co.  in  1889. 
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the  model  of  the  machine  which  he  experimented  with  is  shown 
in  Fig.  10,  which  consists  of  a  rotary  bar  driven  by  a  sprocket 
chain  and  likewise  fed  into  the  coal  by  a  sprocket  chain  oper¬ 
ating  through  a  screw  which  gave  it  a  forward  motion.  The 
present  mining  machine  was  practically  developed  from  this 
machine.  Between  the  years  1876  and  1877  the  first  machine 
was  designed  which  resembled  very  closely  this  machine.  It 
consisted  of  vertical  engines  driven  by  air,  and  fed  into  the 
coal  by  sprocket  chain  as  shown  in  Fig.  11. 


Fig.  15.  Motor  Driven  Puncher  Mining  Machine  built  by  Morgan- 

Gardner  Electric  Co. 

The  next  development  was  the  placing  of  the  engine  hori¬ 
zontally,  shown  in  Fig.  12,  leaving  practically  the  same  general 
scheme  of  mining  but  by  this  arrangement  of  engines  adapting 
the  machine  for  operation  in  thinner  seams  of  coal. 
In  both  of  these  machines,  the  principal  feature  was  a  horizontal 
bar  in  which  bits  were  inserted  and  held  by  set  screws.  This 
cutter  bar  was  driven  by  a  chain  and  sprocket  connected  to  an 
air  engine;  the  air  engine  and  its  chain  moving  independently 
of  the  outside  or  stationary  chain  as  hown  in  Fig.  12.  The  first 
machines  were  fed  forward  by  thread  screws  in  the  stationary 
frame. 

Following  the  cutter  bar  machine  was  next  developed  a 
chain  breast  machine.  The  first  machine  of  this  type  ever 
built  is  known  as  the  Slade-Lechner  mining  machine  as  shown 
in  Fig.  13.  This  practical  chain  machine  had  five  sprockets 
around  which  the  endless  chain  traveled.  From  this  machine 
was  developed  gradually  and  logically  the  present  type  of  chain 
machine.  The  operation,  however,  of  electricity  as  a  power 
in  operating  the  mining  machine  was  probably  first  developed 


Pneumelectric  Puncher  Mining  Machine. 
First  Machine  built  in  1894. 
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through  a  preliminary  study  of  the  problems  by  the  Morgan 
Gardner  Electric  Company  in  1889  and  resulted  in  the  build¬ 
ing  of  what  is  known  as  a  Solenoid  Punching  Machine  in  1890, 
see  Fig.  14.  On  actual  trial  this  machine  was  not  considered 
very  practical  and  was  immediately  supplanted  by  a  motor 
driven  pick  machine,  see  Fig.  15.  The  relative  success  of  this 
motor  driven  puncher  lead  the  company  to  start  immediately 
the  development  of  a  complete  line  of  machines  necessary  for 
the  work  of  mining  coal  by  electricity.  A  number  of  the  dif- 


Fig.  17.  An  early  Jeffrey  Cutter  Bar  Electric  Mining  Machine. 


ferent  companies  very  shortly  after  this  started  in  the  manu¬ 
facture  of  various  kinds  of  machines  which  were  modifications 
of  the  application  of  these  two  kinds  of  power,  viz.  air  and 
electricity. 

In  1894  a  new  application  of  electricity  was  made  to  the 
punching  machine  in  what  is  known  as  the  Pneumelectric 
Puncher,  see  Fig.  16.  This  machine  was  first  built  and  de¬ 
veloped  by  the  Wagner-Palmros  Mfg.  Company  of  Fairmont, 
W.  Va.,  and  tested  out  at  once  in  that  locality.  The  results 
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of  these  tests  were  sufficiently  successful  to  warrant  further 
improvement  and  the  building  of  other  machines  on  the  same 
general  plan  until  in  1896  the  Pneumelectric  Machine  Company 
was  organized  and  the  works  moved  to  Syracuse,  .N  Y.  where 
several  machines  were  built  and  put  into  practical  service.  The 
detail  of  this  machine  is  shown  in  the  cut  which  is  practically 
self-explanatory  but  in  brief  consists  of  a  self-contained  punch¬ 
ing  machine  with  air  compressor  driven  by  electricity  in  which 
the  power  is  transferred  by  mechanical  means  to  a  piston  which 


Fig.  18.  Chain  Breast  Air  Mining  Machine. 

compresses  the  air,  and  through  the  medium  of  the  air  thus 
compressed  is  transmitted  to  another  piston  to  the  rod  of 
which  is  attached  the  mining  pick.  This  machine  has  been 
largely  used  and  is  now  very  extensively  used  in  some  of  the 
districts  throughout  the  state.  The  ten  years  from  1890  to  1900 
have  been  very  prolific  of  improvement  in  the  development  of 
electrical  mining  machinery,  which  on  account  of  the  ease  of 
carrying  the  powrer  to  the  working  faces  by  means  of  electric 
wires  or  conduits  have  made  very  much  more  rapid  progress 
than  have  the  air  machines,  and  many  inventions  by  the  dif¬ 
ferent  manufacturers  of  electric  mining  machines  were  develop¬ 
ed  one  after  another,  see  Figs.  17-24  inclusive. 


Fig.  19.  First  Chain  Mining  Machine  built  by  the  Morgan-Gardner 

Electric  Co. 


Fig.  20.  Early  type  of  Low  Vein  Breast  Machine  with  Trunnions, 

built  by  Morgan-Gardner  Electric  Co. 


1 

Fig.  21.  Early  Type  of  Breast  Machine  with  Drill  Attachment  built 

by  Morgan-Gardner  Electric  Co. 


Fig.  22.  Standard  “D”  Type  Electric  Breast  Chain  Mining  Machine. 


TAYLOR — ADVANCEMENT  IN  BITUMINOUS  COAL  MINING 


673 


In  addition  to  the  first  mining  machines  which  were  hauled 
from  room  to  room  by  a  mule,  the  self-propelling  machine  was 
developed  which  was  operated  by  power  from  t he  machine  itself 
through  an  auxiliary  sprocket  on  the  machine  and  a  driving 
sprocket  on  a  truck,  making  it  what  is  known  as  a  self-propeller 
type  of  machine. 


Fig.  23.  New  Type  Breast  Machine  with  Chain  Guards  built  by 

Morgan-Gardner  Electric  Co. 

About  1894  a  new  element  of  danger,  namely  the  ex¬ 
ploding  of  gas  and  dust  when  coming  into  contact  with  a  spark, 
was  brought  to  the  consideration  of  the  manufacturers  which 
resulted  in  the  motors  of  electric  mining  machines  being  en¬ 
closed  for  use  in  gaseous  and  dusty  mines,  so  that  none  of 
the  parts  of  the  machines  from  which  a  spark  could  be  pro¬ 
duced  would  be  exposed  to  the  open  air,  as  shown  in  Fig.  25. 


Fig.  24.  End  View  of  Working  Place  undercut  by  a  Chain  Mining 

Machine  with  Drill  Hole  for  Blasting. 

In  1898  the  demand  for  mining  machines  in  mines  having  a  thin 
seam  of  coal  was  such  that  the  manufacturers  began  the  design¬ 
ing  and  building  of  a  machine  to  suit  these  conditions  and  re¬ 
sulted  in  what  was  termed  a  low  vein  mining  machine  as 
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shown  in  Fig.  26.  This  type  of  machine  was  made  much  lower 
than  the  previous  standards  and  was  designed  to  cut  coal  veins 
as  thin  as  two  feet,  the  height  of  machine  being  about  18  in. 

About  the  year  1900  when  the  machines  known  as  breast 
machines  had  been  made  practically  perfect  in  their  operation, 
both  in  thick  and  thin  veins,  the  problem  of  cutting  coal  in 


Fig.  25.  Standard  Electric  Breast  Mining  Machine,  Enclosed  Type, 

Dust  and  Spark  Proof. 

mines  worked  on  the  “longwall”  system,  as  shown  in  Fig.  27, 
was  taken  up,  and  also  the  modification  of  this  system  which  is 
known  as  the  “shortwall”  system,  which  was  designed  to  work 
in  rooms,  ribs  and  entry  pillars,  not  necessarily  on  the  long- 
wall  system.  The  first  machine  designed  for  this  work  was 
arranged  so  that  it  would  sump  under  the  coal  by  swinging  its 
cutter  head  around  and  then  traveling  along  the  face  by  winding 


Fig.  26.  Standard  Low  Vein  Breast  Electric  Mining  Machine  built 

by  Goodman  Mfg.  Co. 

a  small  chain  or  cable  anchored  at  some  considerable  distance 
ahead.  In  the  first  machine  designed  of  this  type,  the  cutter 
bar  was  made  to  operate  at  practically  right  angles  with  the 
mining  machine  as  shown  in  Figs  28,  29,  30  and  31.  The  next 
modification  of  this  machine  was  to  make  the  cutter  bar  operate 
in  a  direct  line  with  the  mining  machine  across  the  face,  on  a 
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chain  or  rope  through  a  system  of  pulleys  attached  to  an¬ 
chors  near  each  rib,  as  shown  in  Fig.  32,  35  and  36.  This  re¬ 
quires  about  six  feet  of  clearance  between  the  face  of  the 
coal  and  the  gob  or  post  line.  These  machines  have  had  var¬ 
ious  modifications  and  improvements,  as  well  as  the  trucks  up¬ 
on  which  they  are  transported  from  place  to  place. 

The  first  truck  was  a  solid  truck  as  shown  in  Fig.  33  and 
the  latest  improvement  in  this  respect  has  been  brought  out  by 
the  Goodman  Mfg.  Company  in  which  the  truck  is  hinged  in  the 
center  which  permits  the  forward  portion  of  the  truck  to  drop 
on  the  floor  or  track  and  the  machine  proper  is  loaded  by  its 
own  power  with  much  less  effort  than  by  the  old  method  of 


Fig.  27.  Long  Wall  System  of  Working,  showing  cutting  by  Long 

Wall  Mining  Machine. 

solid  truck,  as  shown  in  Fig.  34.  The  first  of  these  machines 
were  made  to  operate  in  one  direction  only,  either  to  the  right 
or  to  the  left.  The  later  designs  of  .these  machines  as  shown 
in  Fig.  35  built  by  the  Sullivan  Machinery  Company,  as  well 
as  the  other  manufacturing  companies,  see  Fig.  36,  will  cut 
either  to  the  right  or  to  the  left. 

This  longwall  machine  is  very  much  more  efficient  than  the 
breast  machine  and  is  the  most  efficient  mining  machine  brought 
out  to  date. 

Figs.  32,  37  and  38  show  the  method  of  operation  of  both 
the  breast  machines  and  the  longwall  and  shortwall  mining 
machines  in  rooms,  as  well  also  the  use  of  the  same  machine 
in  longwall  work  with  conveyors  in  connection  therewith,  see 
Figs  39  and  40. 
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Fig.  28.  First  Long  Wall  Mining  (Machine  used  in  Pittsburgh  District  Mines.  Built  by  Sullivan  Machinery  Co. 
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In  one  of  the  mines  with  which  I  have  been  connected  a 
test  of  one  of  these  longwall  machines  was  made  in  which  two 
men  working  seven  hours  undercut  coal  equivalent  to  440  tons 
of  mine  run  coal. 

“After  the  shortwall  machine  was  developed,  the  ques¬ 
tion  naturally  arose  in  the  minds  of  the  practical  men  at  the 
mine,  why  the  time  of  unloading  the  machine  could  not  he 
saved;  why  not  leave  the  machine  on  its  own  truck  and  in 
addition,  if  there  is  a  dirt  band  in  the  seam,  why  not  cut  this 
dirt  band?  This  led  to  the  development  of  the  top  or  center 
cutting  machine. 


Fig.  29.  Early  Type  Long  Wall  Mining  Machine  built  by  Goodman 

Mfg.  Co. 

The  construction  of  this  machine,  shown  in  Fig.  41,  is 
as  follows:  The  motor  with  all  its  mechanism  and  the  cutter 
bar,  is  mounted  on  a  circular  steel  casting  supported  by  a  ring 
on  adjustable  pedestals.  The  machine  never  leaves  the  truck. 
A  ratchet  feed  driving  a  cable  drum  through  a  disc  clutch 
winds  up  a  Yz  in.  steel  rope,  one  end  of  which  is  fastened 
to  the  stationary  frame.  The  cutter  bar  together  with  all 
gearing  which  is  mounted  on  the  circular  steel  casting  revolves 
in  a  complete  circle.  The  particular  advantage  of  this  machine 
is  the  time  and  labor  saved  in  not  loading  from  the  truck,  and 
the  fact  that  the  undercuttings  do  not  have  to  be  handled 
except  where  a  band  of  dirt  is  cut,  and  must  be  gobbed  before 
the  coal  is  shot.  It  gives  an  opportunity  of  obtaining  clean 
coal  where  dirt  bands  can  be  cut  and  gobbed.  It  is  a  very 
rapid  machine  either  for  entry  driving  or  for  room  work.  It 
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is  suitable  for  cutting  rooms  up  to  20  ft.  in  width,  and  can 
be  built  for  a  minimum  height  of  36  in.  above  the  rail,  and  has 
cut  20  ft.  rooms  in  eight  minutes.  The  cutter  bar  is  raised 
and  lowered  by  power.  The  self  propelling  speed  of  this 
machine  is  controlled  by  disc  friction  clutches  permitting  high 
moving  speed  without  the  use  of  starting  box  or  resistance,  thus 
saving  wear  and  tear  on  the  electrical  parts. 


Fig.  30.  First  Long  Wall  Machine  built  by  the  Morgan-Gardner 

Electric  Co. 

The  design  of  this  top  cutting  machine  naturally  led  to  the 
placing  of  breast  machines  on  turn  table  trucks.  The  advantages 
offered  by  machines  cutting  in  the  middle  or  top  of  the  seam 
are  as  follows :  They  are  especially  suitable  for  narrow  work ; 
no  slack  has  to  be  shoveled,  and  they  afford  protection  to  tender 
roof  due  to  the  fact  that  smaller  shots  can  be  used  to  shoot  the 
coal.  There  is  no  labor  in  handling  the  machine,  and  the  coal 


Fig.  31.  Early  Type  Long  Wall  Machine  built  by  Goodman  Mfg.  Co. 
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can  be  cut  at  various  angles  by  changing  the  angle  of  the  ma¬ 
chine  on  the  truck. 

Machines  of  this  kind  have  cut  forty  12  ft.  places  in  10 
hours  by  the  use  of  gathering  locomotives  to  haul  them  from 
place  to  place  rapidly;  self-propelling  machines  of  this  type 
can  cut  as  high  as  24  to  30  places.  Machines  of  this  type  can 
also  be  inverted  to  cut  a  dirt  band  at  the  top  of  the  seam. 


COM. 


m 


Fig.  32.  Sullivan  Long  Wall  Mining  Machine  in  Operation  in  Room. 


Another  important  combination  of  the  shortwall  machine  is 
to  have  it  mounted  on  a  turn  table  truck.  The  cable  from  the 
feed  drum  is  fastened  to  an  anchor  drilled  into  the  face  of  the 
coal,  and  the  machine  is  fed  forward  until  the  cutter  bar  ex¬ 
tends  under  the  coal  the  proper  depth.  Another  anchor  is 
placed  in  the  left  hand  rib  and  the  feed  cable  attached,  swing¬ 
ing  the  machine  around  through  the  proper  angle,  cutting  a 
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place  of  the  desired  width.  The  machine  is  self  raising  and 
lowering,  and  can  be  raised  or  lowered  three  feet  in  25  sec¬ 
onds.  It  has  cut  15  ft.  rooms  in  10  minutes  and  has  cut  as 
high  as  25  places  in  ten  hours.  The  machine  on  the  truck  is 
under  the  absolute  control  of  the  operator  and  is  geared  to 
have  a  high  speed  on  straight  track  and  slow  speed  over  switches 
and  frogs.  It  is  equipped  with  band  brakes  to  control  the 
speed  down  grades.” 


Fig.  33.  Old  Form  of  Truck  and  a  Goodman  Breast  Machine  being  un¬ 
loaded.  Note  Elevation  of  Rear  Wheels. 

Recently  another  mining  machine,  shown  in  Fig.  42,  known 
as  the  Hess  Dustless  Mining  Machine  has  been  perfected,  and 
put  into  operation.  This  machine  consists  of  an  electrically 
driven  machine,  with  a  cone  shaped  cutter  arm,  which  has  a 
rotary  motion,  also,  through  a  cam,  a  reciprocating  motion  is 
given  to  the  cone  cutter  arm.  Along  the  sides  of  this  cone 
cutter  pick  points  are  inserted  into  sockets  which  are  used  for 
cutting.  The  end  also  of  this  cone  is  fitted  with  picks  for  punch¬ 
ing,  the  machine  making  about  twenty  strokes  per  minute.  There 
is  a  rotary  motion  which  cuts  somewhat  on  the  lines  of  the 
old  rotary  cutter  bar  machine,  which,  however,  on  account  of 
the  reciprocal  motion  and  the  conical  shape  keep  the  slack  out 
of  the  cerf  much  more  readily  than  the  old  type  of  the  cutter 
bar  machines. 


Fig.  34.  New  Type  of  “Broken  Back  Truck”  and  a  Goodman  Gas  Proof 
Breast  Machine  just  unloaded,  all  truck  wheels  remaining  on  Track. 


Fig.  35.  Sullivan  Long  Wall  Machines  in  position  ready  to  cut. 
Upper  Machine  cutting  to  left,  and  lower  Machine  to  right. 
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There  has  recently  been  brought  out  by  the  Ingersoll- 
Kand  Co.  a  type  of  air  driven  under  cutter  which  is  known  as 
a  ‘  ‘  radial  coal  cutter  ’  *  or  underboring  machine  as  shown  in  Fig. 
43,  which  can  be  used  also  for  a  shearing  machine.  It  com- 
sists  briefly  of  a' screw  feed  rotary  rod  to  the  end  of  which  is 
attached  a  cutter  head  containing  sockets  into  which  a  number 
of  bits  are  inserted  and  is  made  to  operate  by  means  of  an 
air  piston  attached  to  gears,  or  rotary  machinery,  which  un- 


Fig.  36.  Short  Wall  Mining  Machine  built  by  Morgan-Gardner  Electric  Co. 


Fig.  37.  Electric  Breast  Mining  Machine  entering  Room  and  Position 
at  first  and  last  cuts.  Intermediate  cuts  shown  on  dotted  lines. 
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dercuts  by  boring  instead  of  punching.  So  much  for  the  under¬ 
cutting  machines  as  detached  units. 

AVe  next  come  to  machines  designed  for  shearing  and  they 
are  not  very  numerous  for  the  reason  that  by  means  of  powder, 
or  some  other  explosive,  the  coal  is  shot  out  and  down  without 
any  shearing  being  done,  except  insofar  as  the  method  of  shoot¬ 
ing  might  be  said,  in  a  measure,  to  shear  the  center  of  the  work- 


co^ 


Fig.  38.  Ordinary  Type  of  Breast  Machine  in  Room. 


mg  place.  The  first  shot  fired  is  placed  in  the  center  of  the 
room  and  exploded  which  has  the  effect  of  an  opening,  or 
shearing,  sfiot  and  is  usualjy  quite  effective  in  opening  up  the 
center  portion  of  the  coal.  The  remainder  is  brought  down 
by  twTo  wing,  or  rib,  shots  which  are  placed  near  the  ribs. 
While  this  is  the  general  practice,  there  have  been  several 
shearing  machines  developed  and  tested  but  they  have  not  come 
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into  very  general  use.  The  machine  shown  in  Fig.  44  is 
practically  the  same  as  the  power  puncher  mining  machine 
and  is  mounted  on  high  wheels,  which,  when  the  handles  are 
held  up,  will  permit  the  machine  to  shear  at  the  bottom  of  the 
seam,  and  by  pressing  down  on*  handles  the  puncher  pick  is 
raised  and  the  shearing  continued  up  to  the  top  of  the  seam. 


Pig.  39.  Long  Wall  System  of  Mining  showing  Machine  at  Work,  Con¬ 
veyor  and  Supporting  Timbers. 


Fig.  40.  Conveyor  used  in  Long  Wall  System  of  Mining. 
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The  machine  shown  in  Fig.  45  is  built  by  the  Morgan  - 
Gardner  Electric  Company  and  is  almost  the  same  as  a  breast 
machine.  It  is  mounted  on  three  supports  which  are  fastened 
into  position  by  extension  screws  and  the  machine  is  made  to 
operate  in  the  same  way  as  for  undercutting,  only  on  account 
of  its  vertical  position,  it  cuts  the  shearing  cerf.  This  machine 
cuts  five  to  seven  feet  deep,  and  three  feet  high  at  one  setting. 
It  is  raised  and  lowered  by  electric  power  from  its  own  motor, 
and  can  be  set  ready  for  cutting  in  a  few  minutes. 


Fig.  41.  Center  Cutting  or  Turret  Mining  Machine. 

While  the  holes  for  blasting  shots  are  usually  drilled  by 
hand  with  a  breast  auger,  the  work  is  sometimes  done  by  a 
power  drill.  The  power  is  sometimes  compressed  air  as  shown 
in  Fig.  46,  and  in  other  cases  electricity  as  shown  in  Figs  47 
to  50,  which  machines  do  not  embody  any  new  principals  of  ap¬ 
plication.  There  is  still  another  combination  of  both  as  shown 
in  Fig.  51  where  the  same  method  as  that  used  in  the 
pnemnelectric  punching  machine  before  described. 

We  have  touched  on  the  three  operations  which  are  usually 
first  used  by  the  miner  in  his  ordinary  routine,  and  come  next 
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to  the  application  of  machinery  for  loading  coal.  In  this  part 
of  the  work,  we  are  confronted  with  greater  difficulties  than  in 
the  other  operations  described  on  account  of  the  limitations  of 
height  which  are  very  difficult  to  overcome.  There  have  been 
quite  a  number  of  schemes  devised,  all  of  which  embody  the 
conveyor  system,  which  of  itself  requires  more  height  than  can 
be  secured  in  many  of  the  mines.  This  fact  together  with 


Fig.  42.  Hess  Dustless  Mining  Machine. 


Fig.  43.  Ingersoll-Rand  Radial  Coal  Cutter  Operating  as  an  Undercutter. 
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others,  such  as  the  coal  carrying  slate  and  other  impurities, 
make  it  impossible  to  use  loading  machines  in  all  seams  of  coal 
and  consequently  they  have  not  come  into  general  use,  and  it 
is  not  to  be  expected  that  they  will  in  the  near  future.  There  are. 
however,  several  machines  which  have  attained  some  success 
as  loaders. 

“In  Fig.  52  is  shown  a  Jeffrey-Hamilton  loading  machine. 
It  wrill  be  noted  that  the  flights  on  this  machine  are  flat,  like 
shovels.  The  particular  advantage  of  this  type  of  flight  is 
that  it  will  never  catch  on  any  lumps,  and  they  will  not  over¬ 
load  the  driving  powder.  or  the  mechanism,  of  the  machine, 


Fig.  44.  First  Shearing  Pick  Machine  built  by  Morgan-Gardner  Elec¬ 
tric  Co.  on  plan  of  a  Power  Puncher  Mining  Machine. 


Fig.  45.  Shearing  Machine  built  by  Morgan-Gardner  Electric  Co. 
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because  they  will  slide  from  under  any  obstruction.  This 
machine,  as  designed,  has  been  used  in  several  mines  experi¬ 
mentally,  and  has  proven  that  the  machine  cannot  be  broken 
or  put  out  of  commission  due  to  careless  handling. 

There  are  two  disc  clutches  provided  on  this  machine;  one 
in  the  main  drive  for  the  conveyor,  and  one  in  the  mechanism 
which  feeds  the  machine  right  or  left.  A  distinct  advantage  of 
this  design  is  the  method  of  transporting  the  machine  from  one 
working  place  to  another.  It  will  be  noted  that  there  are  two 


Fig.  46.  Compressed  Air  Drill  built  by  Ingersoll-Rand  Co. 

main  axles  and  a  back  axle  with  small  rollers.  When  the  ma¬ 
chine  is  in  the  room  in  a  position  for  loading  coal,  all  three 
sets  of  wheels  are  on  the  track,  and  the  center  of.  support  for 
the  conveyor  is  over  the  car,  so  that  the  whole  conveyor  swings 
from  a  point  where  the  coal  is  loaded  into  the  car. 

When  it  is  desired  to  move  the  machine  to  another  work¬ 
ing  place,  the  frame  is  designed  to  double  up  so  that  the  whole 
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conveyor  can  be  loaded  back  on  to  the  truck,  see  Fig.  53.  This 
is  accomplished  by  means  of  capstans,  or  windlasses,  one  of  which 
provided  on  each  side  of  the  machine.  The  machine  is  fed  for¬ 
ward  into  the  coal  by  means  of  this  windlass,  one  end  of  the  rope 
being  fastened  to  the  rail  when  feeding  forward.  The  feeding 


Fig.  47.  Electric  Drill  built  by  Jeffrey  Mfg.  Co. 


Fig.  50.  Electric  Coal  Drill  in  Operation. 
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sidewise  is  accomplished  by  setting  a  jack  at  t lie  right  hand 
and  one  at  the  left  hand  side  of  the  room.  Two  drums  are 
provided,  on  which  are  wound  in.  steel  cable,  and  by  means 
of  these  drums  and  steel  rope,  the  conveyor  is  moved  either  to 
the  right  or  to  the  left,  depending  on  which  direction  the  con¬ 
veyor  is  being  fed. 


Fig.  51.  Coal  Drill  built  by  The  Pneumelectric  Machine  Co. 

The  actual  capacity  of  the  loading  machine  is  1000  lb.  per 
min.,  but  it  can  load  one  ton  per  minute  where  large  wagons  are 
loaded.  ” 

Another  machine  known  as  the  Myers-Whaley  loading  ma¬ 
chine  built  in  Knoxville,  Tenn.,  is  shown  in  Figs.  54  and  55, 
which  consists  of  a  rotary  arm  to  which  is  attached  shovels,  or 
scoops,  which  lift  the  coal  and  deposit  it  into  a  conveyor  which 
delivers  it  to  a  second  conveyor  which  in  turn  delivers  it  into 
the  wagons.  The  shovels  and  first  conveyor  are  pivoted  on  a 
truck  so  as  to  permit  of  a  lateral  or  side  motion  in  order  to 
follow  the  position  of  the  coal  in  a  room.  These  machines  have 
been  working  successfully  in  salt  and  lead  mines  and  only  recent¬ 
ly  have  been  made  applicable  for  loading  coal. 

There  have  been  built  several  other  types  of  conveyors  used 


Jeffrey-Hamilton 


Loading  Machine  in  place  ready  to  load 
Wagon. 


Fig.  53.  Jeffrey-Hamilton  Loading  Machine  ready  for  moving  to  an¬ 
other  working  place. 
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successfully,  where  the  coal  must  be  shoveled  onto  the  convey¬ 
ors  and  conveyed  to  wagons,  where  they  were  loaded  some¬ 
times  at  some  distance  away  and  at  others  close  at  hand. 

In  all  of  these  systems,  however,  the  controlling  feature 
seems  to  be  the  keeping  of  wagons  always  ready  to  receive  the 
coal,  much  time  of  the  machines  being  lost  due  to  the  shift¬ 
ing  of  loaded  wagons  out  and  empty  wagons  into  place  for  load¬ 
ing. 


Fig.  54.  No.  4  Type  Meyers-Whaley  Loading  Machine  in  Lead  Mine, 

Flat  River,  Mo. 

Several  machines  have  been  brought  out  recently  for  use 
in  driving  entries  which  can  be  made  applicable  for  other  work. 
One  made  by  the  Ingersoll-Rand  Company,  is  an  air  machine 
shown  in  Fig.  56,  and  embraces  a  conveyor  operated  by  a  small 
air  engine  mounted  on  the  conveyor  which  permits  the  con¬ 
veyor  to  be  operated  at  the  will  of  the  operator  either  fast  or 
slow  and  to  stop  or  start  readily. 

Mounted  on  the  frame  which  carries  this  conveyor,  is  a 
large,  heavy,  air  punching  machine,  which  has  a  forward  and 
backward  motion  on  slides,  also  operated  by  air  power,  similar 
to  an  ordinary  pick  puncher  mining  machine.  This  pick,  how¬ 
ever,  is  given  a  lateral  motion  from  one  side  to  the  other  bv  a 

w 

small  auxiliary  air  engine.  The  operation  is  as  follows : 

The  puncher  is  moved  forward  on  the  slides  and  sidewise 
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by  the  auxiliary  engine,  and  an  undercut  is  made  similar  to  the 
ordinary  puncher  machine.  Then  the  cut  is  sheared  up  one 
side  of  the  entry,  and  the  puncher  is  moved  to  the  other  side 
of  the  entry  by  the  auxiliary  engine  and  a  similar  shearing  pro- 


TAYLOK — ADVANCEMENT  IN  BITUMINOUS  COAL  MINING 


695 


cess  gone  through  with.  When  this  is  completed,  the  conveyor 
is  moved  forward  under  the  coal  thus  undercut,  and  the 
puncher  is  then  used  as  a  knocking  machine.  The  coal  thus 
knocked  down  on  the  conveyor  is  carried  back  and  deposited 
into  the  mine  wagon.  These  machines  are  now  in  operation  in 
the  Fairmont  District  and  are  making  an  average  of  400  ft.  of 
entry  per  month. 


Fig.  56.  Ingersoll-Raiul  Entry  Driving  Machine  in  position  to  begin 

work  in  an  Entry. 

The  Jeffrey  Mfg.  Company  have  built  and  are  now  trying 
out  an  entry  machine  shown  in  Fig.  57.  This  machine  under¬ 
cuts  and  shears  the  coal  on  two  sides,  knocks  the  coal  down  from 
the  face  in  lumps  onto  a  conveyor  in  the  cutter  head  of  the 


Fig.  57.  Jeffrey  Entry  Driving  Machine. 
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lower  cutting  frame,  which  conveys  the  coal  back  into  a  second 
pivoted  conveyor  which  in  turn  loads  it  into  the  mine  car,  see 
Fig.  58.  The  principal  elements  in  the  design  of  this  ma¬ 
chine  are  the  undercutting  chain,  the  two  shearing  chains,  the 
heavy  reciprocating  pick  which  knocks  down  the  coal,  and  the 
conveyors  which  carry  the  coal  back  and  load  it  into  the  car. 


Fig.  58.  Jeffrey  Entry  Driving  Machine,  knocking  down  coal  on  to 

Conveyor  which  Loads  Mine  Cars. 

“The  machine  is  handled  in  a  manner  similar  to  that  of 
the  breast  machine,  in  that  there  is  a  stationary  frame,  or  large 
pan,  in  which  the  machine  slides.  The  feed,  both  forward 
and  back,  is  accomplished  by  means  of  power  driven  drums  on 
which  are  wound  steel  rope  provided  with  disc  friction  clutches. 
The  pick  is  mechanically  operated  by  a  system  of  rods  and 
cranks  which  compress  heavy  coil  springs  in  the  pick  frame. 
The  machine  is  easily  handled  by  two  men  without  much  man¬ 
ual  labor,  as  it  is  entirely  self-handling.” 


Fig.  59.  Woman  Carrying  Coal  from  a  Mine  in  the  British  Isles. 


Fig.  60.  Woman  Dragging  Coal  from  a  Mine  in  the  British  Isles. 


Fig.  61.  Women  Hauling  Coal  from  a  Mine  in  the  British  Isles. 


Fig.  62.  An  Early  Scene  in  a  Small  Mine  in  this  Country. 


Fig.  63.  Dog  Hauling  Coal  in  McDonough  County,  Ill 
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As  an  entry  driving  machine  it  lias  shown  a  capacity  of 
100  tons  in  nine  hours  in  Pocahontas  coal. 

This  brief  description  of  the  main  points  in  advancement  of 
mining  methods  and  machinery  will  have  to  suffice  for  this 
time,  and  we  will  now  take  up  briefly  the  matter  of  haulage, 
but  before  so  doing,  wish  to  insert  first,  a  table  showing  the 
amount  of  coal  mined  by  machines  as  follows: 

In  1890,  sixteen  years  after  the  first  machines  were  intro¬ 
duced,  the  output  of  coal  mined  by  machinery  did  not  exceed 
five  million  tons.  In  1891  machine-mined  coal  had  reached 
6,211,732  tons,  equal  to  6.66  percent  of  the  total  production  for 
the  year.  Five  years  later,  1896,  the  output  of  machine  mined 
coal  had  reached  16,424,932  tons,  equivalent  to  14.17  percent 
of  the  total  output.  In  1900  the  output  had  risen  to  52,790,532 
tons  or  25  percent  of  the  production  of  the  year.  In  1905  the 
output  was  103,396,452  tons  or  33.69  percent  of  the  production 
of  the  year;  1910,  174,012,293  tons  or  41.70  percent  of  the  pro¬ 
duction  of  the  year;  1912,  210,538,822  tons  or  46.80  percent  of 
the  production  of  the  year. 

TOTAL  PRODUCTION  OF  COAL  IN  THE  UNITED  STATES  IN  TONS 


1850  .  7  018  181 

1855  .  12  926  673 

1860  .  14  610  042 

.  1865  .  23  792  173 

1870  .  33  035  580 

1875  .  52  348  320 

1880  .  71  481  570 

1885  .  111160  295 

1890  .  157  770  063 

1895  .  193117  530 

19()0  .  269  684  027 

1905  . .  . . .  392  722  635 

1910  .  501596  377 

1913  (Estimated) .  562  000  000 


From  the  above  table  it  will  be  noted  that  the  output  of 
coal  in  the  United  States  has  increased  about  ten  times  within 
the  last  forty  years  and  generally  speaking  doubles  every  ten 
years.  It  is  also  safe  to  say  4hat  mining  machinery  has  played 
a  large  part  in  this  enormously  increased  production. 
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A  second  table  shows  the  prices  paid  for  mining  coal  in 
the  Pittsburgh  District  from  October  1873  to  April  1,  1914. 

MINING  RATES  IN  PITTSBURGH  DISTRICT 


From  October  1873  to  April  1st,  1914 


From 

To 

1 1/2  in.  Lump 

Rate  in  Cents 
per  bushel. 

Mine  Run 
Rates  in  Cents. 

Oct.  1873 

Nov.  1873 

4.00c 

Nov.  1873 

Dec.  1873 

3.20— 4.00c 

Dec.  1873 

Feb.  1874 

3.20c 

Feb.  1874 

May  1874 

4.00c 

May  1874 

June  1874 

3.75— 4.00c 

June  1874 

Oct.  1874 

3.25c 

Oct,  1874 

Nov.  1874 

3.00— 3.25c 

Nov.  1874 

Jan.  1875 

2.80— 3.00c 

Jan.  1875 

Feb.  1875 

2.50— 2.80— 3.00c 

* 

Feb.  1875 

Mar.  1875 

2.50c 

Mar.  1875 

Apr.  1875 

2.50— 3.00c 

Apr.  1875 

Nov.  1875 

3.00c 

Nov.  1875 

Jan.  1876 

2.50— 3.00c 

Jan.  1876 

Feb.  1876 

3.00c 

Feb.  1876 

Mar.  1876 

2.50— 3.00c 

Mar.  1876 

July  1876 

2.50c 

July  1876 

Nov.  1876 

2.25 — 2.50c 

Nov.  1876 

Dec.  1876 

2.00— 2.25— 2.50c 

Dec.  1876 

Jan.  1877 

2.00— 2.25c 

Jan.  1877 

June  1877 

3.00c 

June  1877 

July  1877 

2.00c 

30c  per  ton 

July  1877 

Aug.  i877 

2.00c 

32c  “  “ 

Aug.  1877 

Feb.  1878 

3.00c 

Feb.  1878 

Mar.  1878 

3.00c  70c  ton 

Mar.  1878 

Apr.  1878 

70c  ton 

Apr.  1878 

June  1878 

2.50c 

June  1878 

July  1878 

50c  per  wagon 

July  1878 

Aug.  1878 

40— 50c  “ 

Aug.  1878 

Sept.  1878 

2.50c 

50c  “ 

Sept.  1878 

Oct.  1878 

2.50c 

45c  “ 

Oct.  1878 

Feb.  1879 

• 

45c  “ 

Feb.  1879 

Mar.  1879 

3.00c 

55c  “ 

Mar.  1879 

Apr.  1879 

55c  “ 

Apr.  1879 

July  1879 

3.00c 

July  1879 

Sept.  1879 

2.25c 

• 

Sept.  1879 

Oct.  1879 

2.25— 2.50c 

Oct.  1879 

Nov.  1879 

3.00c 

Nov.  1879 

May  1880 

3.00c 

May  1880 

Oct.  1880 

3.00c 

Oct.  1880 

Sept.  1881 

3.50c 

Sept.  1881 

Oct.  1881 

3.50— 4.00c 

Oct.  1881 

Aug.  1882 

4.00c 

Aug.  1882 

Apr.  1883 

3.50c 

Apr.  1883 

May  1883 

3.00— 3.50c 

May  1883 

July  1883 

3.00c 

July  1883 

Oct.  1883 

3.25c 

Oct.  1883 

Apr.  1884 

3.50c 
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MINING  RATES  IN  PITTSBURGH  DISTRICT — Continued 


From 

To 

1}4  in.  Lump 
Rate  in  Cents 
per  bushel. 

Mine  Run 
Rates  in  Cenl 

Apr.  1884 

Nov.  1884 

3.00c 

Nov.  1884 

Dec.  1884 

2.50- 

-3.00c 

Dec.  1884 

Jan.  1885 

2.80— 3.00c 

Jan.  1885 

Feb.  1885 

2.75c 

Feb.  1885 

May  1886 

2.50c 

May  1886 

May  1887 

71c 

per  ton 

May  1887 

Nov.  1887 

74c 

(  4 

4  4 

Nov.  1887 

Apr.  1888 

79c 

«  « 

44 

Apr.  1888 

Nov.  1888 

74c 

4  4 

4  4 

Nov.  1888 

May  1889 

79c 

4  4 

*• 

May  1889 

May  1890 

73c 

4  4 

•  4 

May  1890 

Dec.  16,  1893 

79c 

4  4 

•  4 

Dec.  16,  1893 

Feb.  1894 

65c 

4  • 

4  • 

Feb.  1894 

June  28,  1894 

60c 

«  4 

•  4 

June  28,  1894 

Jan.  1895 

69c 

4  1 

4  4 

Jan.  1895 

May  15,  1895 

55c 

4  4 

4  4 

May  15,  1895 

June  1895 

60c 

4  i 

4  4 

June  1895 

Oct.  1895 

55c 

•  « 

4  4 

Oct.  1895 

Mar.  1896 

64c 

4  4 

4  4 

Mar.’  1896 

Sept.  16,  1896 

70c 

4  4 

4  4 

Sept.  16,  1896 

Jan.  1897 

54c 

4  1 

•* 

Jan.  1897 

Feb.  1897 

60c 

1  4 

4  4 

Feb.  1897 

Apr.  16,  1897 

54c 

•  « 

“ 

Apr.  16,  1897 

May  16,  1897 

60c 

*  « 

4  4 

May  16,  1897 

Sept.  16,  1897 

54c 

4  4 

4  4 

Sept.  16.  1897 

Apr.  1898 

65c 

4  4 

4  4 

IV* 

in.  Lump 

Apr.  1898 

Apr.  1900 

66c 

4  4 

4  4 

Apr.  1900 

Apr.  1903 

80c 

t  4 

4  4 

Apr.  1903 

Apr.  1904 

90c 

4  4 

4  4 

Apr.  1904 

Apr.  1906 

85c 

4  4 

4  4 

Apr.  1906 

Apr.  1908 

90c 

4  4 

4  4 

Apr.  1908 

Apr.  1910 

90c 

4  4 

•  « 

Apr.  1910 

Apr.  1912 

95c 

4  4 

•  4 

Apr.  1912 

Apr.  1914 

1.00 

4  4 

•  4 

HAULING  OF  COAL 

In  the  early  days  of  mining  in  the  British  Isles,  it  was  a 
common  custom  for  the  women  to  do  the  carrying  or  “ toting” 
of  coal  in  baskets  resting  on  their  backs,  see  Fig.  59,  having 
a  head  strap  passing  around  the  head  to  steady  the  basket  and 
keep  it  from  sliding  off  the  hack.  They  continued  at  this  work 
at  a  later  day  but  dragged  the  basket  along  a  prepared  road¬ 
way,  by  means  of  a  belt  or  strap  around  the  waist  connected  to 
the  basket  by  a  rope  or  chain,  see  Fig.  60;  still  later  a  small 
wagon  was  used  and  the  women  continued  to  do  the  hauling. 
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Fig.  64.  A  “Past  Epoch”  in  the  Pocahontas  Field. 


Fig.  65.  A  “String  Mule  Team”  Hauling  Coal.  A  very  Common 

Practice  Today. 
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see  Fig.  61.  The  practice  of  women  working  in  the  mines  in 
this  country  was  never  adopted  on  any  large  scale  and  so  far 
as  I  kno.w  it  was  never  permitted  in  any  mine  producing  coal 
on  a  commercial  basis. 

In  the  small  mines  worked  for  domestic  coal,  the  coal  was 
mined  in  practically  the  same  manner  as  above  described  but 
for  hauling  the  coal  from  the  working  places  to  the  platform, 
from  which  the  consumers  loaded  it  into  wagons  to  convey  it 


Fig.  66.  The  first  Mine  Motor  built  by  the  Morgan-Gardner  Electric  Co. 


to  its  destination,  a  small  cart  was  used,  holding  twelve  and  a 
half  bushels,  mounted  on  two  wheels  to  which  was  attached,  and 
made  part  thereof,  a  pair  of  shafts  which,  when  in  the  process 
of  loading,  rested  on  a  pair  of  legs  which  were  framed  into  the 
shafts  a  little  in  front  of  the  box  of  the  cart.  The  miner  after 
filling  the  front  part  of  the  cart  would  insert  the  end  gate  and 
finish  loading.  Then  the  miner  would  put  on  shoulder  straps 
and  sometimes  hitch  a  dog  to  the  cart  to  help  pull  it  outside, 
or  pull  it  outside  himself.  A  modification  of  this  method  is 
shown  in  Fig.  132  which  shows  the  dog  pulling  cart  while  the 
miner  is  pushing.  It  was  considered  a  good  days  work  to 
mine  and  cart  outside  a  hundred  bushels  of  forked  coal. 

In  some  places,  in  these  small  mines,  wooden  rails  were 
laid  upon  which  was  operated  a  small  wagon  holding  about  ten 
bushels  which  was  hauled  back  and  forth  by  a  dog.  While  this 
was  very  primitive  yet  at  the  same  time  it  was  a  labor  saving 
device  and  was  frequently  resorted  to,  in  fact  within  the  last 


704  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 

five  or  six  years  I  witnessed  a  similar  condition  of  affairs  in 
Ohio,  where  they  were  hauling  out  coal  with  dogs  and  Shetland 
ponies.  Fig.  63  shows  a  dog  wagon  which  has  been  hauled  to 
the  outside  by  the  dog  as  late  as  1903  in  McDonough  County, 
Illinois.  In  this  one  district  alone  there  were  thirty-one  dogs 
used  for  hauling  cars  in  this  manner. 


Fig.  67.  Plain  Motor  built  by  the  Morgan-Gardner  Electric  Co. 

A  method  of  hauling  never  seen  by  the  writer  in  any 
mines  near  here  is  shown  in  Fig.  64.  The  cut  shows  a  team 
of  oxen  working  in  a  mine  in  the  Pocahontas  region,  where  the 
coal  seam  is  about  nine  feet  thick,  which  is  sufficiently  high  to 
not  only  permit  the  oxen  to  work,  but  to  admit  of  a  wagon 
large  enough  to  warrant  its  being  hauled  by  an  ox  team,  and 
is  indeed  truly  named  a  “past  epoch.” 

The  next  illustration,  Fig.  65,  however,  portrays  a  practice 
which  has  been  in  use  for  many  years,  in  fact  during  the  entire 
period  covered  by  this  paper,  and  is  still  used  in  many  mines 
today.  It  is  known  as  a  string  mule  team,  and  is  used  to 
haul  the  larger  trips  to  the  outside,  from  the  partings,  where 
they  are  gathered  by  the  gathering  mules  from  the  working 
faces.  Where  there  was  an  outside  haul,  or  where  there  was, 
as  in  many  mines  in  this  district  a  front  hill  from  which  the 
coal  had  been  mined,  a  tunnel  in  which  no  men  were  working, 
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the  mule  team  was  supplanted  by  a  steam  engine.  Where  a 
sufficient  supply  of  fresh  water  is  at  hand  and  the  ventila¬ 
tion  will  permit  this  is  a  very  economical  power,  but  it  cannot  be 
used  on  account  of  smoke  in  any  portion  of  the  mine  where 
men  are  at  work. 

Another  form  of  locomotive,  where  compressed  air  is  the 
power,  has  been,  and  still  is  used  in  some  mines  to-day  and  is 
more  economical  for  long  hauls  than  mule  teams,  but  is  not 
available  at  any  mines  where  air  power  is  not  in  use. 


Fig.  68.  Rack  Rail  Locomotive. 


The  next  advance  in  hauling,  was  the  tail  rope  system, 
which  consisted  of  a  stationary  steam  engine,  equipped  with 
one  or  more  drums  to  which  were  attached  two  ropes,  one  of 
which  was  the  main  haulage  rope,  or  the  rope  which  pulled 
the  full  wagon  trips  to  the  outside,  and  which  was  much  heavier 
and  stronger  than  the  rope  which  was  attached  to  the  rear 
of  the  strip  coming  out  and  was  then  available  to  haul  the 
empty  trip  into  the  mine.  This  rope  is  called  the  tail  rope 
and  consequently  the  name  of  this  system  the  “tail  rope  sys¬ 
tem”;  this  tail  rope  passed  around  a  sheave  placed  back  of  the 
parting  to  which  the  wagons  or  mine  cars  were  taken. 

Another  system  allied  very  closely  to  the  tail  rope  system, 
is  what  is  known  as  the  “endless  rope  haul.”  The  power  to 
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operate  this  system  is  generally  quite  similar  only  that  the 
rope  is  continuous  in  its  operation  and  consequently  requires 
two  tracks,  one  to  take  the  empty  cars  into  the  mine  and  the 
other  over  which  to  convey  the  loaded  cars  from  the  gathering 
parting  to  the  outside.  Both  of  these  systems  are  quite  economi¬ 
cal,  when  the  ropes  are  all  right,  but  if  the  rope  should  break, 
or  anything  occur  to  put  the  system  out  of  commission,  the 
entire  mine  has,  as  a  rule,  to  be  closed  down,  which  is  quite 
a  draw-back.  There  are,  however,  many  mines  still  equipped 
with  these  systems  of  haulage. 


Fig.  69.  Jeffrey  Reel  Gathering  Motor  Entering  a  Room. 

About  1889  or  1890  The  Jeffrey  Mfg.  Company  built  their 
first  electric  locomotive  which  wras  the  beginning  of  the  appli¬ 
cation  of  electricity  to  mining.  The  locomotive  is  still  in  opera¬ 
tion  with  the  exception  that  it  had  added  to  it  a  new  resistance 
and  new  controller.  Otherwise  it  is  practically  the  same  old 
locomotive.  It  consists  of  an  electric  motor  with  double  reduc¬ 
tion  drive,  with  gears  connecting  both  axles.  As  a  matter  of 
fact,  there  are  some  new  single  motor  locomotives  where  this 
same  principle  is  used  at  the  present  time. 

The  first  motor  built  by  the  Morgan-Gardner  Electric  Com¬ 
pany  in  1893  is  shown  in  Fig.  66.  This  is  also  a  single  armature 
type  and  weighs  about  five  tons.  The  armatures  of  these 
locomotives  were  of  a  smooth  core  ring-wound  type.  These 
motors  were  not  continued  as  a  line  of  manufacture  very  long 
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but  about  1894  or  1895  an  entirely  new  design  of  motor,  shown 
in  Fig.  67,  was  built  in  sizes  ranging  from  7  *4  to  10  tons. 
They  were  of  a  double  type,  tooth  cored,  armatures  and  pos¬ 
sessed  many  improvements  over  the  earlier  machine.  The  suc¬ 
cess  of  this  machine  led  to  a  larger  size,  a  15  ton  locomotive, 
possessing  practically  the  same  general  characteristics  as  the 
iy2  to  10  ton  motor.  Then  about  1890  there  was  also  built  a 
smaller,  4  ton,  locomotive. 


Fig.  70.  Jeffrey  Crab  Gathering  Motor  Hauling  Wagon  out  of  Room. 


A  “rack-rail”  locomotive  built  by  the  Goodman  Mfg.  Com¬ 
pany,  shown  in  Fig.  68,  operates  on  a  rack  rail  placed  in  the 
center  of  the  track  into  which  meshes  a  toothed  sprocket  wheel 
driven  by  the  motor.  This  was  capable  of  being  used  on  a 
much  heavier  grade  than  the  original  motor,  but  is  not  in 
general  use  at  the  present  time. 

The  use  of  the  locomotive  up  to  about  1890  was  confined 
entirely  to  what  was  known  as  the  main  line  haulage.  About 
this  time  there  was  begun  the  development  of  the  gathering 
motor  which  was  designed  to  operate  in  the  branch  entries, 
hauling  wagons  from  the  working  faces  out  onto  the  entries. 
There  were  two  general  types.  The  first,  known  as  the  reel 
gathering  motor,  consisted  of  a  cable  reel  attached  to  the  end 
of  the  locomotive,  see  Fig.  69,  which  carried  a  cable  that  was 


Fig.  72.  Four  Ton  Westinghouse  Gathering  Motor,  Crab  and  Reel 

Types  Combined. 


Fig.  71.  Six  Ton  Morgan-Gardner  Crab  Gathering  Locomotive. 


Fig.  73.  Goodman  Spark  and  Dust-proof  Motor. 
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provided  with  two  hooks  at  the  end,  one  to  attach  to  the  track 
in  the  entry  and  the  other  to  the  trolley  or  feed  wire.  Through 
this  cable  the  power  was  transmitted  to  an  auxiliary  motor  which 
operated  gear  wheels  on  the  axles  propelling  the  motor  to  the 
working  faces  of  rooms.  For  the  return  trip  the  motor  would 
then  be  reversed  and  as  it  moved  towards  the  entry  the  reel 
would  automatically  reel  up  the  cable,  which  had  been  strung 
out  on  its  inward  trip,  until  it  reached  the  entry  with  its  load¬ 
ed  coal  wagon.  The  other  type  was  what  was  known  as  a  crab 
gathering  motor  and  consisted  of  a  crab  on  which  was  wound 


Fig.  74.  Goodman  Fifteen  Ton  Motor  Hauling  Trip  of  Loaded  Cars. 

a  wire  rope  or  cable.  This  was  connected  by  a  system  of  gear 
wheels  to  a  small  auxiliary  motor,  and  the  rope  was  carried  into 
the  working  face  by  the  assistant  to  the  motorman.  When  at¬ 
tached  to  the  loaded  mine  car  the  small  auxiliarv  motor  was 
started  and  the  rope  reeled  up  on  the  crab,  and  as  this  operation 
was  performed  the  loaded  wagon  would  be  drawn  to  the  entry. 
When  approaching  the  entry  the  motor  was  then  started  along 
the  entry  in  line  with  the  haulage,  as  shown  in  Figs.  70  and  71, 
thus  delivering  the  loaded  coal  wagon  into  the  entry. 

Following  this,  a  motor  was  constructed  embodying  both  the 
reel  and  the  crab  types  in  one,  so  it  would  be  made  available 


Fig.  75.  Two  15-Ton  Motors  Equipped  with  Air  Brakes,  etc.,  at  Charleroi,  Pa.,  1913. 


Fig.  76.  Milwaukee  Gasoline  Motor. 

place  of  some  of  the  larger  and  heavier  motors.  Fig.  75  shows 
the  latest  development  in  motor  haulage  as  installed  by  the  Car¬ 
negie  Coal  Company  at  their  new  mine  at  Charleroi,  Pa.  in  the 
latter  part  of  1913.  This  motor  which  is  known  as  the  “tandem 
locomotive  combination '  \  has  two  15  ton  units  each  equipped 
with  two  large  motors  and  also  supplied  with  an  air  compres¬ 
sor  and  air  brake.  The  master  unit  being  equipped  with  a  4- 


Fig.  77.  Top  View  of  Milwaukee  Gasoline  Motor  with  Cover  Removed. 
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for  use  in  any  mine  where  either  one  of  the  other  types  would 
be  best  suited  to  the  operation.  This  is  shown  in  Fig.  72. 

Next  a  type  of  motor  was  built  which  was  designed  to  be 
spark  and  dust  proof  for  use  in  mines  that  were  dusty  or  con¬ 
tained  an  explosive  gas.  This  type  is  shown  in  Fig.  73. 

One  of  the  late  models  of  the  Jeffrey  Mfg.  Company  15 
ton  motors  hauling  a  trip  of  loaded  cars  is  shown  in  Fig.  74. 
This  is  a  powerful  motor  and  to  a  great  extent  has  taken  the 
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motor  controller  for  the  operation  of  all  four  motors.  The 
secondary  unit  being  equipped  with  a  2-motor  controller  for 
its  operation  as  a  segregated  15  ton  unit.  This  represents  the 
latest  practice  in  electric  motor  haulage. 

Fig.  76  shows  a  view  of  the  Westinghouse-Milwaukee  gaso¬ 
line  motor  which  is  used  in  mines  and  for  haulage  where  there 
is  no  electric  power  available,  and  has  proved  to  be  quite  a 
success  in  many  ways  as  a  locomotive. 

Fig.  77  shows  a  top  view  of  this  motor  with  the  cover  re¬ 
moved  showing  the  relative  position  and  connection  of  the  en¬ 
gine  and  other  parts  of  the  motor  as  it  exists  ready  for  opera¬ 
tion.  Fig.  78  shows  the  radiation  end  of  the  motor. 


Fig.  78.  Radiator  end  of  Milwaukee  Gasoline  Motor. 

There  are  a  number  of  other  gasoline  motors  of  slightly  dif¬ 
ferent  types  and  with  slightly  different  arrangement  for  con¬ 
trolling  the  power  and  the  operation  of  the  motor  but  I  do  not 
have  cuts  of  them  available. 

I  wish  in  conclusion  to  acknowledge  some  of  the  sources 
from  which  I  have  received  information  in  the  way  of  tables, 
cuts  and  slides  as  follows: 

Mr.  H.  M.  Wilson,  Engineer  in  Charge,  Bureau  of  Mines, 
Pittsburgh,  Pa. 

Mr.  W.  R.  Wilson,  Colliery  Engineer,  Scranton,  Pa. 

Dr.  Johnson,  Coal  &  Coke  Operator,  Pittsburgh,  Pa. 
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Mr.  Andrew  Roy's  book  on  the  History  of  Coal  Miners. 
Mr.  G.  W.  Schluederberg,  Genl.  Supt,  Pittsburgh  Coal  Co., 
Pittsburgh,  Pa. 

Morgan-Gardner  Electric  Company,  Chicago,  Ill. 

Jeffrey  Mfg.  Company,  Columbus,  Ohio. 

Goodman  Mfg.  Company,  Chicago,  Ill. 

Sullivan  Machinery  Company,  Chicago,  Ill. 

Ingersoll-Rand  Company,  No.  11  Broadway,  N.  Y. 
Pneumelectric  Mfg.  Co.,  Syracuse,  N.  Y. 

Westinghouse  E.  &  M.  Co.,  Pittsburgh,  Pa. 
Westinghouse-Milwaukee  Gasoline  Motor  Co.,  Pittsburgh, 
Pa. 

Illinois  Coal  Report  1903. 

J.  M.  Taylor  for  compiling  statistics. 

And  others  representing  the  above  manufacturing  com¬ 
panies. 


STRENGTH  OF  EQUIPMENT  FOR 
HANDLING  LOADS 


By  Edward  Godfrey* 


Accidents  frequently  happen  where  heavy  loads  are  being 
lifted.  Many  of  these  accidents  are  due  to  weak  parts  or  de¬ 
tails  of  the  equipment  used  in  handling  loads,  and  they  could 
be  avoided  by  proper  care  in  the  selection  of  these  parts  or  a 
proper  design  of  the  details.  Very  frequently  but  little  thought 
or  care  is  given  to  these  matters,  the  parts  being  selected  by 
rule-of-thumb  methods  and  the  details  being  designed  in  the 
same  manner. 

If  permanent  structures  received  no  greater  care  in  their 
design  than  many  of  the  tools  for  handling  great  loads,  it  would 
be  hazardous  to  take  a  ride  over  a  bridge  in  a  train.  Why 
should  not  the  same  degree  of  safety  be  demanded  where  a  few 
lives  are  jeopardized  as  where  a  large  number  of  lives  are  con¬ 
cerned  ? 

Hooks :  Some  time  ago  the  writer  was  called  upon  to  pass 
upon  the  safety  of  a  piece  of  equipment  that  was  purchased  as 
a  12-ton  derrick.  The  first  thing  he  found  was  a  6-ton  hook. 
Other  parts,  while  not  so  weak,  were  far  from  figuring  up  to 
their  requirements. 

It  is  not  difficult  to  figure  out  the  safe  load  that  a  hook 
of  any  given  shape  and  dimensions  can  sustain  safely.  The 
critical  section  is  a  horizontal  one  just  beside  the  opening  of  the 
hook. 

In  any  of  the  sketches  in  Fig.  1  the  bending  moment  at  this 
critical  section  is  Pa.  If  in  the  case  of  a  plain  round  rod, 

*Structural  Engineer,  R.  W.  Hunt  &  Company,  Pittsburgh. 

Address  of  Retiring  Chairman.  Presented  before  the  Structural  Section  January 
6,  and  published  in  the  January,  1914,  Proceedings. 
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curved  into  a  hook,  we  assume  that  t he  inner  diameter  of  the 
hook  is  twice  the  diameter  of  t lie  iron,  the  bending  moment  is 
if  Pd.  Using  10  000  lb.  per  sq.  in.  as  the  safe  fiber  stress 
and  the  section  modulus  of  a  circular  section,  0.0982  d 3,  we 
have,  when  direct  tension  is  considered,  P  =  600  d  2. 

From  this  we  see  that  a  l/>  inch  round  rod  of  ordinary  steel 
in  a  hook  of  this  proportion  would  sustain  safely  a  suddenly 
applied  load  of  about  150  lb. 

A  one  inch  rod  would  be  good  for  600  lb. ;  a  two  inch  rod 
for  2400  lb. ;  a  three  inch  rod  for  5400  lb. 

If  the  rod  is  flattened  at  the  side  of  the  hook,  the  same 
amount  of  metal  will  be  stiffer,  and  the  hook  will  be  more 
efficient.  Assuming  that  the  iron  is  flattened  out  at  the  side  of 
the  hook  in  the  shape  of  an  ellipse  with  the  long  diameter  twice 
the  short  diameter  and  that  the  inner  diameter  of  the  hook 
is  equal  to  the  long  diameter  of  the  ellipse,  we  have  the  fol¬ 
lowing  : 

Diameters  of  the  ellipse  of  area  equal  to  area  of  circular 
section  of  diameter  d  are  1-414  d  and  0.707  d. 

Section  modulus  of  same  ellipse  =  0.139  d 3  Moment 
Pa  =  1.414  Pd. 

Adding  direct  tension  to  extreme  fiber  stress  for  bending, 
we  have  for  a  total  fiber  stress  of  10.000  lb. : 

P  =  870  d2  ■ 

Hence  a  one  inch  rod  would  make  a  hook  of  these  propor¬ 
tions  good  for  870  lb.;  a  two  inch  rod  for  8480  lb.,  a  three  inch 
rod  for  7830  lb. 

The  foregoing  figures  are  given  to  show  approximately  the 
capacity  of  hooks  made  of  round  iron  and  the  advantage  of  the 
simple  expedient  of  flattening  the  iron  at  the  side  of  the  hook. 
For  any  special  hook  made  of  round  iron  the  capacity  can  be 
worked  out  by  using  the  actual  diameter  of  the  inside  of  the 
hook  and  of  the  iron  used. 

Standard  hooks  are  made  with  dimensions  and  proportions 
as  shown  in  Fig.  1  at  “C”-  The  thickening  of  the  cross  section 
near  the  inner  part  of  the  hook  has  the  double  advantage  of 
bringing  the  center  of  gravity  of  the  section  closer  to  the  line 
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of  application  of  the  load  and  of  increasing  the  area  of  metal 
resisting  tension.  It  is  in  tension  of  the  extreme  fiber  at  the 
section  of  maximum  bending  that  a  hook  is  more  apt  to  fail  than 
in  compression,  and  a  tension  failure  is  more  disastrous,  as  the 
hook  would  not  bend  but  snap  in  two  without  warning.  Hence 
the  importance  of  added  tensile  strength. 


This  style  of  hook  was  designed  and  its  proportions  worked 
out  by  Mr.  Henry  R.  Towne,  and  is  described  in  his  treatise  on 
Cranes.  The  writer  has  taken  these  dimensions  and  worked 
out  the  section  modulus  of  the  hook  as  well  as  the  location  of 
the  center  of  gravity  of  the  section.  The  section  modulus  for 
tension  was  found  to  be  0.15  times  the  cube  of  the  diameter  of 
the  iron  used  in  making  the  hook.  A  few  of  the  given  capacities 
of  these  hooks  are  given  below : 

Diameter  of  iron  Ya  1 Ya  %Ya  %Ya 

Capacity  in  tons  /8  ^  1)4  2  5  10 

The  writer  has  tried  a  number  of  these  hooks,  and  he  finds 
that  the  extreme  fiber  stress  is  close  to  18  000  lb.  per  sq.  in.  This 
means  that  these  hooks,  in  order  to  be  safe  for  suddenly  applied 
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loads,  should  be  made  of  high  carbon  steel  and  not  of  the 
ordinary  grade  of  structural  steel. 

Some  special  hooks  are  in  use,  such  as  those  for  picking  up 
girders  by  their  flanges.  If  we  assume  that  the  lines  OA  and 
OB  of  Fig.  2  make  angles  of  60  deg,  with  the  vertical,  the  force 
along  each  line  is  equal  to  the  load  lifted,  or  P.  The  critical 
section  is  at  the  bend,  and  the  bending  moment  is  Pa.  Assum¬ 
ing  that  a  is  twice  the  thickness  of  the  bar  of  which  the  hook 
is  made,  we  find  that  at  10  000  lb.  per  sq.  in.,  when  direct  tension 
is  considered, 

p  =  770  bd 

Two  by  one-half  inch  bars  in  hooks  of  these  proportions 
would  be  good  for  lifting  770  lb. ;  four  by  one  inch  bars  for 
3080  lb. ;  etc. 

As  in  the  case  of  the  other  hooks,  the  proportions  may  not 
be  the  same  as  those  assumed  here.  In  any  given  case  these 
may  be  measured  and  the  capacity  of  the  hooks  worked  out  by 
the  method  given. 

The  unit  stress  assumed  in  the  foregoing  is  based  on  the 

use  of  ordinary  structural  steel.  This  unit  stress  would  allow 

%/ 

for  the  shock  of  a  suddenly  applied  load.  If  high  carbon  steel 
were  used,  the  unit  stress  could  be  higher  and  the  capacity  of 
the  hooks  would  be  correspondingly  higher. 

High  carbon  steel  is  often  used  for  hooks  because  a  smaller 
hook  may  be  used  in  the  stronger  material.  If  the  fiber  stress 
never  exceeded  the  elastic  limit  of  the  material,  high  carbon 
steel  would  be  entirely  safe  for  hooks.  The  load  on  hooks, 
however,  is  apt  to  be  quite  variable  and  to  be  dropped  some 
distance  in  the  handling.  If  the  fiber  stress  equals  the  elastic 
limit,  a  number  of  applications  would  break  the  hooks.  In 
softer  steels  the  hook  would  probably  be  bent  and  thus  give 
warning,  but  in  high  carbon  steel  it  would  snap  off  short  with¬ 
out  warning.  This  is  the  danger  of  using  hard,  brittle  steels 
where  the  loads  are  apt  to  overstrain  the  steel.  Soft  steels  are 
not  free,  however,  from  this  danger  of  sudden  and  sharp  breaks 
when  subject  to  repeated  excessive  stress. 

Hooks  are  sometimes  annealed,  after  thev  have  been  in 

%> 
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service  for  some  time,  to  restore  the  metal.  The  common  notion 
is  that  steel  crystallizes  in  service  and  that  annealing  restores 
the  structure  that  is  injured  by  this  crystallization.  This  is  one 
of  the  half-truths  that  give  rise  to  much  misapprehension.  Steel 
can  be  made  to  give  service  indefinitely  without  any  deteriora¬ 
tion;  furthermore,  it  is  impossible  to  change  the  crystalline 
structure  of  cold  steel. 


The  condition  under  which  steel  will  remain  permanently 
uninjured  is  that  the  fiber  stress  never  equals  or  exceeds  the 
elastic  limit.  Repeated  application  of  fiber  stresses  near  to  or 
in  excess  of  the  elastic  limit  will  rupture  the  steel  eventually. 
Unfortunately  equipment  for  handling  loads  is  very  often  made 
of  such  size  that  the  loads  handled,  when  shock  is  considered, 
are  sufficient  to  stress  the  steel  close  to  the  elastic  limit.  The 
result  is  that  such  parts  as  hooks  and  chain  are  apt  to  fail 
in  service,  and  every  precaution  is  needed  to  avoid  this. 

Steel  that  has  been  badly  treated  by  applying  strains  close 
to  the  elastic  limit  is  rendered  brittle.  Annealing  restores  to 
some  extent  as  least,  the  toughness  of  the  steel  and  would  often 
forestall  failure. 

The  idea  that  steel  is  rendered  crystalline  by  shock  is  a 
mistaken  one.  Steel  is  crystalline  under  any  circumstance.  If 
it  is  broken  suddenly,  it  will  show  up  the  crystals  more  clearly 
in  the  fracture,  whereas,  if  the  same  piece  were  pulled  apart 
slowly  in  a  testing  machine  the  crystals  would  be  drawn  out 
like  fibers.  Accidental  breaks  are  almost  always  sudden  ones, 
they  show  crystalline  fractures,  hence  the  common  idea  that 
steel  crystallizes  in  service. 
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Rijigs:  Rings  are  necessary  on  the  ends  of  chains  to  throw 
over  hooks  and  to  pass  the  chain  through  in  forming  slings. 
Closed  rings  can  be  of  much  smaller  diameter  iron  than  open 
rings,  but  round  rings  must  be  of  larger  iron  than  the  links  of 
chain,  which  are  usually  of  oval  shape.  Also  the  rings  being 
of  larger  diameter  than  the  links  of  the  chain  require  further 
increase  in  the  size  of  the  iron  for  equal  safety. 

If  a  circular  ring  whose  diameter  is  I),  made  of  round  iron 
of  a  diameter  d,  have  a  load  of  P  applied  in  the  manner  in 
which  it  would  be  used  in  a  chain,  the  bending  moment  at  the 
point  of  application  of  the  load  is 

M  —  0.1592  P  D 

and  at  the  side  of  the  ring 

M  =  0.0908  P  D 

There  is  a  direct  pull  at  the  side  of  the  ring,  the  unit  stress 
of  wThich  would  be  added  to  that  found  by  this  last  bending 
moment,  but  in  a  ring  of  ordinary  proportions  this  would  not 
be  sufficient  to  make  the  extreme  fiber  stress  as  great  as  that  at 
the  point  of  application  of  the  load.  Hence  the  greater  moment 
is  the  criterion.  Equating  this  to  the  section  modulus  of  the 
iron  ( 0.0982  d3)  and  using  10  000  lb.  per  sq.  in.  of  extreme  fiber 
stress,  the  safe  capacity  of  the  ring  is 

6170  d3 

~  I) 

Hence  a  ring  of  l/2  in.  diameter  steel.  3  in.  in  diameter,  is 
good  for  260  lb. 

34  in.  steel  in  a  4  in.  ring  is  good  for  650  lb. 

1  in.  steel  in  a  6  in.  ring  is  good  for  1030  lb. 

1*4  in.  steel  in  a  7  in.  ring  is  good  for  1720  lb. 

1  Yi  In.  steel  in  a  8  in.  ring  is  good  for  2600  lb. 

These  values  are  very  low,  for  quiescent  loads,  they  could 
be  twice  this  amount  or  more. 

Oval  links  are  stronger  than  round  ones  because  the  bend¬ 
ing  moment  is  less.  Without  going  into  the  exact  theory  giving 
the  bending  moment  on  an  oval  ring  it  is  close  enough  to  con- 
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sider  that  the  strength  of  an  oval  ring  is  equal  to  that  of  a  round 
ring  of  a  diameter  equal  to  the  short  diameter  of  the  oval  ring. 

The  writer  knows  of  no  standard  giving  the  safe  strength 
usually  attributed  to  rings,  so  that  he  cannot  make  any  definite 
statement  as  to  the  degree  of  safety  usually  employed.  He  has 
seen  rings  break  in  service,  which  is  a  good  sign  that  they  were 
overtaxed  in  that  service. 

X 

Chains :  The  safe  loads  which  chains  may  carry  are  usually 
taken  as  one-third  of  the  ultimate  strength  of  the  chain  under 
test. 

The  proof  strain  is  usually  one-half  of  the  ultimate  strength 
of  the  chain.  This  load  is  usually  applied  to  the  chain  after 
its  manufacture.  It  is  by  no  means  a  safe  load  for  the  chain, 
though  it  is  sometimes  considered  such.  Applied  to  the  chain 
once,  it  elongates  the  links  somewhat,  and  its  application  will 
usually  detect  any  badly  welded  links.  But  repeated  applica¬ 
tion  of  this  load  would  in  time  break  the  chain,  as  it  strains 
the  fibers  beyond  the  elastic  limit. 

When  chain  is  strained  to  the  point  of  rupture  in  a  test¬ 
ing  machine,  the  links  elongate  and  become  straight  and  parallel 
along  the  sides.  The  failure  is  then  one  of  direct  tension  on  the 
steel,  and  the  bending  strains  of  the  original  link  are  not  present. 
For  this  reason  the  ultimate  strength  of  steel  or  wrought  iron 
chain  is  not  in  itself  a  proper  criterion  of  its  safe  load. 

There  is  another  way  that  chain  can  be  broken.  This  is  by 
the  process  of  repeated  application  of  a  load  that  will  strain 
the  extreme  fibers  of  the  metal  beyond  the  elastic  limit.  The 
links  need  not  be  appreciably  distorted  by  this,  but  the  metal 
is  gradually  made  brittle  and  will  eventually  fail  at  a  load 
equal  to  or  less  than  that  which  it  has  repeatedly  carried.  The 
break  will  be  short,  showing  a  crystalline  fracture,  and  the 
majority  of  observers  will  say  that  the  steel  was  crystallized  in 
service,  or  was  a  poor  grade  of  metal,  or  was  burnt.  All  three 
answers  are  wrong.  This  false  interpretation  of  failures  that 
result  from  overloading  equipment  is  so  common  that  it  has 
become  engineering  second  nature  to  incorporate  it  into  prac¬ 
tically  every  report  on  such  failures.  Rings  and  hooks  and 
bends  and  chains  all  fall  in  the  same  class.  Men  reason  that 
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because  the  load  is  carried  once,  or  a  number  of  times,  or  be¬ 
cause  the  ultimate  static  load  to  rupture  the  thing  is  three  or 
four  times  that  which  it  is  carrying,  it  is  perfectly  safe.  When 
failure  takes  place  they  say  bad  steel  or  crystallization.  There 
is  no  more  invidious  error  than  this.  It  has  taken  hold  of  the 
engineering  profession,  and  from  the  writer's  experience  in 

trying  to  root  out  sundry  other  errors  he  believes  it  bids  fair 

to  abide  for  many  years. 

The  standard  safe  loads  used  on  chain  in  one  1  >ridge  shop 
are  shown  in  the  following: 

Dia.  in  inches  H  Vs  H  H  1  1/4  lf^  1/4 

Capacity  in  tons  1  2  3  5  6  8  10  11  12  14 

This  is  in  agreement  with  common  practice.  The  loads  are 
about  one-third  the  ultimate  strength  of  the  chain. 

By  applying  the  formula  for  round  rings  previously  given 
herein,  namely 


and  assuming  the  short  diameter  of  a  link  to  be  2)A  times  that 
of  the  iron  (D  =  2^A  d)  find  that 

P  =  2500  d- 

Solving  this  we  find  that  for 

in.  chain  the  safe  capacity  is  350  lb. 

.  y2  in.  chain  the  safe  capacity  is  620  lb. 

24  in.  chain  the  safe  capacity  is  1400  lb. 

1  in.  chain  the  safe  capacity  is  2500  lb. 

iyA  in.  chain  the  safe  capacity  is  3900  lb. 

It  will  be  seen  that  these  values  are  exceedingly  low,  some¬ 
thing  like  one-seventh  of  the  commonly  used  “safe”  loads. 
Even  if  doubled,  that  is,  if  20  000  lb.  be  taken  as  the  extreme 
fiber  stress,  the  values  are  still  very  low.  There  is  one  allowance 
that  could  be  made  in  this  theoretic  strength  of  a  chain,  namely 
a  reduction  in  the  lever  arm  because  of  the  fact  that  links  fit 
together  to  some  extent  and  do  not  bear  on  a  point.  Making 
all  such  allowances,  however,  it  is  plainly  seen  that  the  commonly 
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used  safe  loads  on  chain  are  such  as  to  strain  the  fibers  to  the 
elastic  limit.  This  is  why  chains  get  brittle  and  break.  This 
is  why  they  need  frequent  annealing.  This  is  why  so  many 
coroners’  juries  have  deliberated  over  a  little  piece  of  “de¬ 
fective”,  “burnt”,  “crystallized”  steel. 

Stud  link  chain  is  stronger,  than  ordinary  link  chain  be¬ 
cause  the  studs  prevent  the  links  from  flattening  and  diminish 
the  bending  moment.  The  advantage  of  stud  link  chain  over 
ordinary  chain  is  much  more  than  that  shown  in  ultimate  tests 
because  of  the  diminished  bending  moment,  something  that  does 
not  show  up  in  ultimate  test  loads,  but  does  show  up  in  a  large 
number  of  applications  of  a  supposed  safe  load. 


Chain  that  is  safe  for  lifting  a  certain  load  may  be  over¬ 
stressed  in  lifting  that  load  by  improper  hitching. 

In  Fig.  3  if  the  spread  of  the  chain  is  such  as  to  give  an 
angle  of  more  than  60  deg.  with  the  vertical,  the  stress  in  the 
two  parts  of  the  chain  will  be  greater  than  .the  load  lifted.  It 
is  not  difficult  to  determine  practically,  when  the  angle  is  too 
flat.  If  the  parts  of  the  chain  are  not  equal  to  twice  the  vertical 
height  BD,  the  force  triangle  is  flatter  than  an  equilateral  tri¬ 
angle,  and  the  strain  on  the  two  parts  of  the  chain  is  greater 
than  the  load  lifted.  A  load  of  the  capacity  of  the  chain  should 
not  then  be  lifted. 

Chain  is  usually  made  either  of  wrought  iron,  or  soft  steel 
that  is  capable  of  being  welded.  Wrought  iron  chain  is  better 
than  steel  chain  of  the  ordinary  quality,  because  it  will  stand 
weather  better,  and  because  wrought  iron  welds  are  more  reliable 
than  steel  welds.  Also  wrought  iron  links  are  less  apt  to  break 
short;  they  will  bend  and  give  warning  of  approaching  failure. 

There  is  not  much  difference  in  the  strength  of  wrought 
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iron  and  soft  steel  chain.  The  grade  of  steel  used  in  the  manu¬ 
facture  of  the  latter  has  an  ultimate  strength  of  but  little  more 
than  50  000  lb.  per  sq.  in.,  which  is  about  the  high  limit  of 
wrought  iron. 

Chains  as  well  as  rings  and  hooks  are  commonly  annealed 
to  restore  the  toughness  of  the  steel  or  iron.  This  annealing 
usually  consists  merely  in  building  a  fire  and  throwing  the  chain 
into  it  and  heating  it  red  hot  and  then  allowing  it  to  cool. 

The  toughness  of  the  metal  seems  to  be  restored  by  this 
process,  for  chain  that  is  quite  brittle  can  be  rendered  useful 
by  this  annealing.  The  fact  that  the  chain  is  brittle  and  needs 
to  be  annealed  indicates  that  it  has  been  subjected  to  service 
that  strains  the  fibers  close  to  or  above  the  elastic  limit.  This 
common  practice  of  annealing  chain,  as  well  as  the  frequent 
breaks  that  occur,  are  the  outcome  of  the  still  more  common 
practice  of  overloading  equipment  for  handling  loads. 

Cables :  Hemp  and  sisal  ropes  and  steel  cables  are  much 
used  in  handling  loads.  As  a  rule  there  is  more  safety  in  the 
use  of  cables  than  in  chains  or  hooks.  Cables  loaded  excessively 
will  stretch  out  appreciably  and  give  evidence  of  their  distress. 
They  will  not  last  long,  however,  especially  with  the  small 
sheaves  that  it  is  customary  to  use  in  hoisting  equipment.  An 
advantage  is  that  they  seldom  break  suddenly  and  the  wear  or 
deterioration  is  plainly  visible  on  the  surface  in  broken  wires. 

The  ultimate  strength  of  a  few  sizes  of  manilla  rope  are 
given  below: 

Diameter  in  inches  34  V*  24  1  1 34  2 

Strength  in  lb.  780  2250  5000  9000  22  500  39  000 

Sisal  rope  is  about  three-quarters  as  strong  as  manilla.  The 
strength  of  ropes  is  quite  variable  because  of  the  different 
qualities  of  material  used  in  their  manufacture.  The  factor 
of  safety  should  be  five  or  six  for  a  good  life  of  rope. 

The  ultimate  strengths  of  a  few  sizes  of  steel  cables  made 
of  200  000  lb.  steel,  are  given  below : 

Dia.  in  in.  34  H  /4  24  1  1/4  2 

Load  in  lb.  4800  10  000  17  600  38  800  68  000  144  000  248  000 

These  breaking  loads  are  for  cables  having  hemp  centers 
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and  with  six  strands  of  19  wires  each  of  so-called  crucible  steel. 
The  writer  is  informed  that  there  is  very  little  steel  cable  made 
in  this  country  of  crucible  cast  steel.  The  material  generally 
used  is  an  imported  open  hearth  steel. 

The  proper  safe  load  on  a  steel  cable  is  governed  somewhat 
by  the  use  to  which  it  is  to  be  put.  If  it  is  to  sustain  a  steady 
pull  in  a  stationary  position  a  factor  of  safety  of  three  would 
be  sufficient.  If  it  is  to  be  passed  continually  over  small  sheaves 
and  subject  to  varying  loads,  the  factor  of  safety  should  be  five 
or  six.  In  general  the  larger  the  factor  of  safety  used  the  great¬ 
er  the  life  of  the  cable. 

It  is  difficult  to  make  an  end  hitch  on  a  steel  cable  that 
will  stand  the  strain  required  to  break  the  cable.  The  way  it  is 
frequently  done  is  to  bare  and  broom  the  ends  of  the  wires, 
pickle  them,  and  then  put  this  prepared  end  in  a  conical  socket 
and  pour  melted  zinc  around  it.  It  might  be  reasoned  from 
this  that  as  this  is  the  strongest  end  detail  it  is  the  proper  one 
to  use  on  the  cable  in  practice.  This  is  not  the  case,  however, 
a  better  end  detail  is  to  loop  the  cable  around  a  thimble  and  use 
several  clamps  to  bolt  the  free  end  to  the  cable  itself.  This 
kind  of  hitch  is  probably  not  so  good  in  a  testing  machine,  be¬ 
cause  at  the  ultimate  load  of  a  cable  it  is  drawn  down  in  diam¬ 
eter  and  would  slip  through  clamps.  At  the  working  load  of  a 
cable  this  would  not  take  place.  The  socket  detail  is  uncertain. 
It  is  impossible  to  tell  whether  the  wires  are  held  firmly  in  the 
metal  without  pulling  the  joint  apart  and  destroying  it.  Also 
there  may  be  unequal  stress  on  the  several  wires  as  well  as  some 
tendency  to  anneal  due  to  contact  with  the  hot  metal.  It  can 
be  readily  seen  whether  the  other  end  hitch  is  properly  made 
or  not. 

As  will  be  more  fully  pointed  out  under  sheaves,  the  sheaves 
and  drums  for  cables  should  not  be  too  small.  Curving  the  cable 
to  a  short  radius  while  under  stress  is  detrimental.  The  out¬ 
side  wires  are  thereby  overstressed  and  the  life  of  the  cable  is 
shortened.  It  is  particularly  bad  when  the  drums  or  sheaves 
are  close  and  so  located  as  to  bend  the  cable  in  different  di¬ 
rections,  hence  it  is  important  in  the  proper  use  of  cables  to 
avoid  such  conditions  in  the  design  of  equipment. 
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Cables  should  be  lubricated,  not  only  to  prevent  rust,  but 
to  allow  the  wires  to  slide  on  each  other  so  as  to  diminish  the 
strains  due  to  the  bending  of  the  cables.  Sometimes  a  mixture 
of  linseed  oil  and  pine  tar  is  used  as  a  lubricant,  sometimes 
mica  axle  grease  is  used. 

Cables  in  service  gradually  wear  out  by  breaking  one  after 
another  of  the  wires.  These  breaks  are  on  the  outside  of  the 
cable  where  they  can  be  seen  and  counted.  If  these  breaks  are 
generally  distributed  along  the  cable,  the  reduction  in  the 
strength  of  the  cable  is  not  great,  unless  the  breaks  are  quite 
numerous.  Mr.  S.  Diescher  in  the  Proceedings  of  the  Engineers’ 
Society  of  Western  Pennsylvania,  Volume  12,  states  that  when 
it  is  found  that  within  the  length  of  the  pitch  of  a  strand  about 
40  percent  of  the  wires  are  broken,  it  is  time  to  discard  the 
cable.  There  are  114  wires  in  the  ordinary  cable.  If  46  of  these 
are  broken  in  the  length  of  the  cable  in  which  a  strand  makes 
a  complete  whirl,  it  is  time  to  throw  away  the  cable.  This  count 
can  readily  be  made.  It  should  be  made  at  several  points  along 
the  cable,  and  the  state  of  the  cable  should  be  judged  by  the 
worst  condition,  not  by  the  best  or  the  average. 

Sheaves :  It  is  the  general  rule  that  the  sheaves  for  ropes 
and  cables  should  be  of  a  diameter  30  or  40  times  that  of  the 
cable  or  ropes.  While  this  rule  is  observed  in  stationary  sheaves, 
for  elevators,  inclines,  etc.,  it  is  very  generally  ignored  in  equip¬ 
ment  for  handling  loads.  This  is  not  a  very  serious  matter  how¬ 
ever,  as  it  simply  means  that  cables  will  wear  out  in  a  shorter 
time.  Thirty  inch  sheaves  on  a  derrick  using  inch  cable 
would  be  very  much  in  the  way.  The  rule  can  scarcely  be 
adhered  to  in  ordinary  equipment. 

In  the  matter  of  the  sizes  of  pins  in  sheaves  there  is  room 
for  improvement  in  common  practice.  If  the  ordinary  methods 
of  figuring  bridge  pins  were  applied  to  sheave  pins,  many  of 
them  would  be  found  to  be  very  highly  overstressed.  Many  de¬ 
signers  figure  such  pins  for  shear  only.  This  is  a  mistake.  The 
bending  moment  is  the  governing  factor  in  a  pin,  and  in  fact 
the  only  one  that  needs  to  be  considered. 

The  writer  has  checked  the  designs  of  many  derricks  and 
has  talked  with  the  designers.  There  is  a  general  disregard  of 
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engineering  principles,  particularly  in  the  matter  of  bending 
moments  on  pins,  exhibited  both  by  the  designers  and  by  their 
work.  Pins  1J4  to  2.0  inches  in  diameter  are  the  common  stand¬ 
ards.  The  extreme  fiber  stresses  calculated  in  the  usual  way  are 
often  in  excess  of  the  ultimate  strength  of  the  steel,  just  like 
the  highway  bridge  designs  of  25  years  ago. 

When  pins  are  in  iron  or  steel  bearings  they  can  be  con¬ 
sidered  as  having  high  bearing  pressure,  thus  shortening  the 
lever  arm  for  bending,  but  when  they  are  in  wood,  the  high 
pressure  would  crush  the  fibers  of  the  wood.  It  is  important  in 
such  cases  that  the  pins  be  of  extra  large  size,  so  that  they  will 
not  bend. 

Derricks :  In  addition  to  the  parts  already  mentioned,  all 
of  which  are  used  in  derricks,  there  are  other  parts  in  derricks 
that  need  attention  from  the  standpoint  of  strength  of  design ; 
the  mast,  the  boom,  the  guys,  the  stiff-legs,  the  goose-necks,  the 
gudgeon  pin,  etc. 

In  a  guyed  derrick  the  mast  must  be  high  enough  to  allow 
the  boom  to  pass  under  the  guys.  In  many  stiff-leg  derricks  the 
boom  is  twice  as  long  as  the  mast.  Derricks  with  masts  30  to 
35  ft.  long  and  booms  60  to  70  ft.  long  are  not  uncommon,  such 
derricks  need  special  care  on  account  of  the  long  boom,  and  the 
problems  entailed  thereby.  One  of  these  problems  is  the  sup¬ 
port  of  the  long  and  slender  boom.  Frequently  the  dead  end 
of  the  boom  line  is  hitched  to  the  boom  about  at  the  middle  of 

the  boom  to  support  the  weight.  The  writer  sees  no  objection 

✓ 

to  this  so  long  as  the  strain  is  not  too  great  for  the  weight  of 
the  boom. 

Hog  rods  with  one  or  two  intermediate  posts  are  very  use¬ 
ful  in  reducing  the  unsupported*  length  of  a  boom.  These 
should  be  used  where  slender  booms  are  employed.  It  is  best 
to  use  them  on  all  four  sides  of  the  boom. 

In  designing  a  long  boom  the  ordinary  column  formula  is 
of  no  use.  The  straight  line  formula  for  columns,  while  it  is 
excellent  for  bridge  members,  fails  when  attempt  is  made  to  use 
it  for  slender  columns.  The  Gordon-Rankine  formula,  with  the 
constant  usually  given,  is  unreliable  and  unsafe  when  used  for 
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slender  columns.  The  Euler  formula,  when  properly  inter¬ 
preted,  that  is,  when  it  is  understood  that  the  formula  gives  the 
absolute  ultimate  load  that  a  column  can  sustain,  is  the  proper 
formula  for  slender  columns.  The  common  idea  that  the  Euler 
load  is  one  that  a  slender  column  can  hold  in  equilibrium  is 
totally  false  and  gives  rise  to  misapprehension. 

If  the  modulus  of  elasticity  of  wood  be  taken  at  1  500  000 
the  unit  stress  in  a  column  at  ultimate  load  is: 

d2 

K  =  1200  000  - - 

r 

where  K  is  the  stress  per  square  inch  and  d  and  l  are  the  mini¬ 
mum  width  and  the  length  respectively  of  the  boom,  both  in 
inches. 

For  example  a  14  by  14  inch  boom  sppported  for  its  own 
weight,  of  a  length  of  70  ft.,  will  have  an  ultimate  strength  of 
330  lb.  per  sq.  in.  For  safe  load  the  factor  of  safety  should  be 
at  least  two.  This  boom  would  then  be  good  for  165  lb.  per 
sq.  in.  of  load  or  32  300  lb. 

It  is  a  remarkable  fact  that  the  boom  mentioned  in  the  last 
paragraph,  if  supported  freely  in  a  horizontal  position  will 
have  an  extreme  fiber  stress  from  its  own  weight  of  nearly  900 
lb.  per  sq.  in.,  and  yet  it  will  not  fail  from  this  stress.  It  will, 
however,  be  very  greatly  weakened  as  a  compression  member. 
This  boom  is  one  that  failed  in  a  derrick  in  this  city  about 
eight  years  ago  while  lifting  a  load  of  18  000  lb.  The  unit 
stress  from  this  load  was  170  lb.  per  sq.  in.,  which  is  just  about 
the  allowed  safe  load,  but  the  weight  of  the  boom  was  not 
supported,  and  in  its  inclined  position  the  extreme  fiber  stress 
from  the  weight  was  590  lb.  per  sq.  in. 

The  strength  of  slender  compression  members  under  lateral 
loads  is  something  that  has  been  neglected  in  engineering  litera¬ 
ture.  The  writer  will  not  attempt  to  go  into  this  at  this  time 
except  to  point  out  that  long  booms  should  be  supported  so  that 
their  weight  will  not  be  so  large  a  factor  in  producing  stress. 

In  Engineering  News,  June  26th,  1913,  there  is  an  account 
of  a  derrick  boom  that  failed  while  lifting  a  load  of  only  about 
one  ton.  The  boom  of  this  derrick  was  ten  inches  wide  and  its 
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length  was  65  ft.  The  ultimate  strength  of  this  boom  is  200  lb. 
per  sq.  in.  The  boom  was  supported  at  the  middle  by  the  dead 
end  of  the  boom  line,  and  at  the  upper  quarter  point  by  two 
parts  of  the  same  line  on  a  sheave.  This  double  upward  force 
at  the  upper  quarter  point  being  much  in  excess  of  the  weight 
of  the  portion  of  the  boom  supported,  coupled  with  the  extreme 
slenderness  of  the  boom,  seems  to  have  caused  too  great  a  bend¬ 
ing  moment  on  the  boom,  the  endwise  load  being  considered. 

The  base  detail  of  a  derrick  is  important,  especially  in  a 
derrick  having  a  long  boom,  on  account  of  the  large  horizontal 
force  against  the  foot  of  the  mast.  The  writer  knows  of  one  case 
where  a  derrick  was  set  on  two  12  in.  by  12  in.  timbers.  With 
a  low  boom  the  horizontal  force  was  sufficient  to  rock  these  heavy 
timbers.  The  sheaves  for  the  boom  line  and  the  hoisting  line 
were  placed  between  these  timbers.  The  remed}"  used  was  to 
bolt  the  timbers  together,  using  spacing  blocks. 

The  gudgeon  pin  is  the  pin  at  the  top  of  the  mast  placed 
in  a  vertical  poistion.  The  goose-necks,  large  iron  straps 
fastened  on  the  ends  of  the  stiff-legs,  pass  over  this  gudgeon 
pin.  This  pin  is  sometimes  too  small  in  size  and  not  firmly  held 
at  the  extreme  end  of  the  mast,  resulting  in  crushed  fibers  of 
the  mast,  or  a  bent  pin.  There  should  not  be  merely  a  ferrule 
driven  in  the  top  of  the  mast  with  the  pin  in  a  hole  in  the  wood, 
but  there  should  be  a  steel  plate  over  the  end  of  the  mast  in 
which  the  pin  fits  snugly,  the  plate  being  bent  down  over  the 
sides  of  the  mast,  or  a  detail  equivalent  to  this.  Also  the  mast 
should  be  securely  bolted  a  short  distance  from  the  end  to  pre¬ 
vent  splitting. 

Cranes :  The  various  manufacturers  of  cranes  have  stand¬ 
ard  cranes  for  given  capacities.  These  standards  show  the 
clearances  necessary  in  a  building,  also  the  wheel  spacing  and 
the  loads  on  the  wheels  as  well  as  the  size  of  rail.  Roughly  the 
load  on  a  pair  of  wheels  is  about  double  the  capacity  of  the 
crane.  The  wheel  bases  usually  run  from  seven  to  twelve  feet. 
A  number  of  these  standards  are  shown  in  the  writer’s  book 
of  Tables. 

The  maximum  moment  on  a  crane  girder  will  occur  when 
the  center  of  span  bisects  the  distance  between  the  load  near 
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t lie  center  and  the  center  of  gravity  of  the  system  of  loads  on 
the  span.  With  a  single  pair  of  wheels  one  wheel  will  be  placed 
a  distance  from  the  center  of  span  equal  to  one-quarter  of  the 
distance  between  the  wheels.  The  maximum  moment  is: 


where  M  is  the  maximum  moment  in  foot  pounds 

l  is  the  span  in  feet. 

d  is  the  distance  in  feet  between  wheels. 

P  is  the  load  on  one  wheel 

If  d  is  greater  than  0.59  l,  one  load  at  the  center  of  span 
gives  the  maximum  moment. 

With  four  wheels  that  may  all  be  on  the  span,  one  of  the 
two  inner  wheels  is  placed  a  distance  from  the  center  of  span 
equal  to  *4  °f  the  distance  between  the  two  inner  wheels. 

Traveling  cranes  or  gantries  are  of  many  forms  and  pre¬ 
sent  many  problems  in  strength.  The  one  of  the  very  greatest 
importance  is  that  of  bracing.  More  wrecks  have  been  caused 
by  lack  of  bracing  false  work  and  erection  equipment  than  from 
any  other  single  cause,  if  reinforced  concrete  wrecks  be  ex¬ 
cluded. 

Timber  travelers  are  usually  well  braced,  but  it  seems  that 
the  larger  the  traveler  and  the  more  the  necessity  for  bracing, 
the  less,  relatively,  is  the  provision  against  lateral  sway. 

Fourteen  months  before  the  Quebec  bridge  failure  the  writer 
tried  to  warn  its  builders  against  the  danger  of  erecting  it  with 
an  unbraced  traveler.  Practically  all  of  the  large  structural 
wrecks  in  steel  work  have  been  due  to  lack  of  bracing,  generally 
the  entire  absence  of  bracing,  not  merely  insufficient  bracing. 
And  yet  attempt  was  made  to  erect  this  record  bridge  with  its 
members  of  enormous  weight  with  a  traveler  that  had  absolutely 
no  bracing  between  the  side  bents,  more  astounding,  an  expert, 
a  Royal  Commission,  said  absolutely  nothing  about  this  lack  of 
bracing  in  the  traveler,  though  public  attention  was  called  to 
this  a  few  days  after  the  wreck,  and  it  was  shown  exactly  how 
the  failure  took  place,  as  it  did,  because  this  traveler  was  not 
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braced  and  was  pulled  over,  pulling  the  whole  top  system  of 
the  bridge  with  it. 

Fig.  4  shows  the  writer’s  idea  and  theory  as  to  how  the 
Quebec  bridge  was  pulled  down.  To  the  writer’s  knowledge  this 
has  never  been  controverted  nor  explained  away. 

DISCUSSION 

Mr.  G.  E.  Flanagan  •*  Referring  to  the  annealing  of 
chains  and  other  members  the  author  suggests  that  they  are 
not  benefited  on  account  of  the  material  having  become  crystal¬ 
lized  according  to  the  ordinary  theory,  but  that  the  annealing 
does  in  a  measure  restore  its  original  strength. 

The  Author:  There  is  no  doubt  about  the  fact  that  it 
does  benefit  the  parts. 

Mr.  G.  E.  Flanagan  :  What  is  the  internal  condition  of 
the  material  that  causes  it  to  be  benefited  by  the  annealing 
process  ? 

The  Author  :  I  do  not  believe  that  is  understood.  There 
is  no  doubt  that  the  steel  is  made  brittle  by  repeated  applica¬ 
tions  of  high  stress,  but  that  this  makes  crystals  in  another 
matter.  It  is  crystallized  the  minute  it  is  poured  out  of  the 
mold  and  cooled,  and  if  we  break  that  steel  suddenly,  we  will 
get  a  crystalline  fracture,  but  if  we  take  a  piece  of  the  same 
steel  and  pull  it  in  a  testing  machine  we  will  get  a  silky  fracture. 
I  believe  it  is  a  mistaken  idea  that  steel  is  crystallized  in 
service.  Steel  is  a  crystalline  substance  any  way  we  take  it.  A 
sudden  break  will  show  up  these  crystals,  and  the  common  idea 
is  that  because  these  crystals  are  shown  up  by  a  sudden  break 
something  has  crystallized  the  steel  in  long  use.  And  many 
people  believe  that  a  legitimate  use  of  steel,  not  excessive  strain, 
will  crystallize  it  in  time.  That  is  a  mistake,  because  steel  can 
be  used  forever,  so  far  as  the  test  of  experience  shows,  without 
making  it  brittle  or  “crystallizing”  it  at  all.  Steel  and  iron 
taken  out  of  the  oldest  bridges  in  existence,  where  there  has  not 
been  excessive  strain,  show  the  same  grade  of  material  as  fresh 
steel  or  iron. 

♦Mechanical  Engineer,  Heyl  &  Patterson,  Pittsburgh. 
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Mr.  J.  W.  Henderson  :*  With  a  chain  broken  suddenly 
would  it  show  the  same  crystalline  structure  as  the  same  chain 
would  show  when  used  up  to  the  fiber  stress ;  would  there  be 
more,  or  larger,  crystals  in  the  used  or  the  unused  chain? 

The  Author  :  I  cannot  say  from  experience,  but  I  can 
recite  experiences  I  have  had  with  wrought  iron.  I  have  taken 
a  piece  of  wrought  iron  and  nicked  it  and  broken  it  suddenly 
and  the  fracture  would  be  taken  for  cast  iron.  It  was  very 
coarsely  crystalline.  I  took  the  same  piece  and  nicked  it  a 
little  farther  along  on  the  bar  and  broke  it  slowly  and  the  fibers 
drew  out  just  as  good  wrought  iron  should.  I  could  not  say  that 
a  chain  that  was  broken  suddenly  enough  to  prevent  any  draw¬ 
ing  down  of  the  material  would  show  exactly  the  same  fracture 
that  one  that  has  been  used  several  months  and  overstrained 
would  show  when  broken.  But  it  is  to  be  inferred  that  if  we 
can  take  milder  material,  wrought  iron,  and  show  this  extreme 
difference  merely  by  the  rapidity  with  which  it  is  broken,  the 
crystalline  state  is  in  the  original  material  and  not  produced 
by  the  work.  But  there  is  no  question  that  it  is  made  brittle 
by  stress. 

Mr.  J.  W.  Henderson  :  According  to  your  test  you  have 
no  way  of  breaking  the  material  to  discover  that  there  has  any 
change  taken  place.  And  you  make  the  statement  that  use  does 
make  it  brittle  and  yet  you  say  that  you  can  break  it  at  one 
time  and  it  does  not  show  it  and  break  it  at  another  time  sud¬ 
denly  and  it  does  show  it. 

The  Author  :  I  say  use  will  make  material  brittle  if  the 
use  is  such  that  the  stress  exceeds  the  elastic  limit.  But  under 
strains  that  do  not  exceed  the  elastic  limit  the  steel  preserves 
its  original  qualities  as  long  as  it  is  used. 

Mr.  J.  W.  Henderson  :  If  a  chain  in  use  for  some  time  is 

broken  there  is  no  wav  to  tell  whether  that  chain  should  be  an- 

«/ 

nealed  or  not.  If  broken  suddenly  it  shows  crystals  and  a  rough 
break,  it  broken  slowly  it  shows  fibrous. 

7  nJ 

*Gulick -Henderson  Co.,  Pittsburgh. 
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The  Author  :  I  think  if  it  came  to  the  point  where  it 
needed  annealing  it  would  break  sharp,  more  sharply  than  a 
freshly  manufactured  chain,  because  it  gradually  wears  out 
and  there  will  come  a  point  where  the  application  of  a  load  much 
less  even  than  it  has  carried  may  be  hundreds  of  times  will 
cause  it  to  break  or  will  overstrain  it.  It  has  been  demonstrated 
that  repeated  applications  of  certain  loads,  even  diminishing, 
will  eventually  break  the  piece  if  the  load  is  near  to  the  elastic 
limit.  It  need  not  be  enough  to  reduce  the  diameter  of  the 
material  or  elongate  it  appreciably. 

Mr.  W.  P.  Flint  :*  I  would  like  to  ask  if  you  have  come 
across  breaks  in  the  chains  and  hooks  occasionally,  which  might 
be  due  to  minute  cracks  starting  at  the  surface  and  gradually 
progressing  until  finally  the  piece  is  so  far  weakened  that  a 
sudden  or  more  irregular  fracture  takes  place  in  the  small  re¬ 
maining  section  of  sound  metal. 

I  have  seen  a  good  many  breaks  of  shafts  which  appeared 
to  start  with  a  small  crack  at  an  abrupt  change  of  section,  as 
between  a  crank  pin  and  its  cheek,  and  which  evidently  fol¬ 
lowed  the  course  I  have  indicated.  The  time  required  for  the 
travel  of  such  cracks  is  so  great  that  if  the  shaft  can  be  care¬ 
fully  inspected  at  intervals  of  perhaps  six  months,  their  pres¬ 
ence  might  usually  be  detected  before  a  break  occurs.  The 
crystallization  of  the  steel  exists,  as  you  say,  from  the  begin¬ 
ning  but  when  the  fracture  is  the  result  of  the  slow  progress  of 
a  crack,  it  appears  to  go  from  particle  to  particle  in  juxtaposi¬ 
tion,  ignoring  the  crystalline  structure  and  leaving  an  almost 
perfectly  smooth  fracture  closely  resembling  the  fracture  of  a 
rod  of  glass.  Such  a  fracture  usually  shows  no  evidence  of 
elongation  or  contraction  of  area  except  possibly  at  the  portion 
which  gave  way  suddenly,  yet  if  a  test  piece  is  cut  from  the 
metal  immediately  adjoining  the  break  it  will  show  a  good  ulti¬ 
mate  strength,  elastic  limit,  contraction  of  area  and  percentage 
elongation.  *  The  metal  adjoining  the  fracture  appears,  in  other 
words,  to  have  suffered  no  material  change  from  what  it  was 
when  the  shaft  was  machined. 

♦Engineer,  Westingrhouse  Machine  Company,  East  Pittsburgh. 
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As  a  boy  I  remember  marvelling  at  a  similar  phenomenon 
in  the  Conglomerate  Pudding  Stone  Quarries  of  Roxbury,  Mass. 
This  stone  consists  of  large  round  pebbles  firmly  cemented  in  a 
rather  softer  matrix.  When  blasted  out  the  new  fractures  are 
irregular  and  show  projecting  pebbles  and  depressions  where 
pebbles  have  cleaved  out  of  the  matrix.  These  quarries  are  also 
divided  up  into  layers  by  almost  perfectly  plain  cleavage  cracks 
which  pass  impartially  through  the  hard  pebbles  and  the  softer 
matrix  and  which  are  thought  to  be  due  to  the  slow  progress 
of  cracks  under  the  stimulus  of  the  heat  and  cold  strains  of  in¬ 
numerable  summers  and  winters. 

The  Author  :  I  have  observed  the  same  thing  which  you 
describe  in  machinery  such  as  axles,  where  there  is  a  shoulder, 
and  a  fracture  that  was  evidently  partial  before  final  failure, 
or  a  new  fracture  that  was  more  coarsely  crystalline  than  the 
other.  But  I  have  never  seen  that  in  chains  or  hooks.  Gen¬ 
erally  the  whole  thing  breaks  at  once,  because  the  load  being 
excessive,  any  small  fracture  would  cause  the  complete  rupture 
of  the  piece. 

I  have  seen  bent  portions  that  showed  different  grades  of 
crystallization,  but  I  attributed  that  to  the  work,  the  bending  of 
the  hitch. 

Mr.  W.  P.  Flint  :  Is  it  not  customary  to  look  for  cracks 
in  these  chains? 

The  Author  :  No,  I  do  not  believe  there  is  any  use  in  it. 

If  a  link  were  cracked  it  would  break  with  the  same  force 
that  would  crack  it  off.  Of  course,  there  might  be  circumstances 
where  that  would  be  different. 

Mr,  Geo.  W.  Nichols*  :  Not  long  ago  we  were  about  to 
make  the  lift  of  a  twenty  ton  latticed  girder  of  approximately 
100  feet  in  length.  Upon  examining  the  hitch  carefully  the 
foreman  by  chance  discovered  a  minute  crack  in  the  lifting 
chain  such  as  has  been  spoken  of.  This  might  have  failed  had 
we  made  the  lift.  On  looking  over  this  fracture  I  found  that  it 
was  at  the  end  of  a  link  and  barely  discernible — just  like  a  fine 

^Engineer,  John  Eichleay  Jr.  Co.,  Pittsburgh. 
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line.  Just  how  far  in  t his  fracture  extended  could  not  be  seen 
but  was  reasonable  to  suppose  that  such  a  fracture  would  grad¬ 
ually  extend  and  eventually  fail  if  loaded  to  the  capacity  of  the 
chain. 

So  to  my  mind  it  is  well  enough  to  examine  .your  chains 
for  small  cracks  especially  if  the  stresses  are  high  in  chain. 

A  further  word  about  use  of  chains  during  extremely  cold 
weather.  It  is  a  good  rule  to  practice  in  cold  weather  to 
have  chains  heated  at  least  sufficiently  to  have  frost  removed. 
Sudden  shocks  to  frosted  chains  will  cause  them  to  snap  sudden- 

ly- 

In  derrick  construction  the  question  of  goose  neck  design 
is  very  essential.  Faulty  design  at  this  point  has  been  the 
cause  of  many  serious  accidents.  A  design  we  follow  is  to 
make  the  goose  neck  out  of  two  or  more  plates,  having  one  plate 
come  over  and  the  other  plate  under  the  stiff  leg  and  bolting 
through  timber  and  plates,  in  this  design  it  throws  the  bend 
line  at  different  points  on  each  of  the  plates  and  as  the 
break  usually  occurs  at  the  forged  sections  such  failure  could 
be  discovered  before  the  other  plate  broke. 

All  derricks  should  have  downcomers  attached  to  tops  of 
stiff  legs  and  brought  down  to  the  sill  close  to  the  mast  and 
securely  held,  these  usually  consist  of  cables  or  chains  and  steam¬ 
boat  ratchets.  This  arrangement  prevents  stiff  legs  from  shear¬ 
ing  the  bolt  or  other  ineffective  means  for  holding  stiff  legs  in 
place  over  the  gudgeon  pin. 

Mr.  P.  E.  Hunter:*  I  have  observed  a  number  of  breaks 
in  old  chains.  1  have  observed  several  in  new  chains  and  I  de¬ 
sire  to  point  out  that  there  was  a  great  deal  of  difference  in 
the  crystalline  fracture.  I  also  observed  a  few  months  ago  a 
break  in  a  ring  that  would  not  coincide  with  Mr.  Godfrey’s 
figures  in  any  way.  It  was  a  ring  that  anybody  should  have 
known  better  than  to  use,  being  a  ring  10  in.  in  diameter  made 
from  \]/4  in.  bar,  and  was  used  in  raising  about  13^  tons.  The 
erector  had  his  chains  at  an  angle  that  should  not  be  used  at 
any  time;  the  angle  being  about  60  deg.  with  the  vertical, 
whereas  it  should  always  be  about  60  deg.  with  the  horizontal. 

♦President,  Independent  Bridge  Company,  Pittsburgh. 
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Iii  the  case  of  the  ring  the  peculiar  thing  about  it  was  that  the 
upper  half  was  in  equilibrium  a  sufficient  length  of  time  so  that  a 
person  could  observe  it  carefully.  When  the  ring  snapped  the 
block  on  the  fall  line  threw  the  upper  half  of  the  ring  upwards 
a  distance  of  30  to  40  feet  in  the  air.  One  could  see  positively 
1  hat  that  ring  broke  horizontally  instead  of  vertically.  I 
watched  the  ring  as  I  knew  it  was  the  weak  member. 

Another  peculiar  thing  about  this  break,  and  which  con¬ 
firmed  me  in  my  opinion  against  the  use  of  high  carbon  steel 
in  derrick  fittings,  hooks,  or  anything  else  of  that  sort,  is  that 
the  ring  did  not  give  in  the  slightest  before  the  snap  took  place. 
1  have  found  that  in  the  case  of  hooks,  rings,  etc.,  with  ordinary 
bridge  steel  we  get  very  much  better  satisfaction.  The  class  of 
men  ordinarily  handling  that  kind  of  work  know  nothing  about 
graphical  statics  or  any  branch  of  engineering.  They  figure 
nothing;  it  is  only  what  they  have  seen  somebody  else  do.  The 
result  is  that  many  times  it  is  a  case  of  being  too  strong  and 
sometimes  too  weak.  Hooks  do  not  fail  ordinarily  if  the  load 
is  in  the  hollow,  or  saddle,  of  the  hook  where  it  ought  to  be. 
I  think  80  percent  of  the  failures  are  due  to  dragging  with  the 
end  of  the  hook,  or  to  getting  the  end  of  the  hook  against  some¬ 
thing  to  take  a  strain  and  the  hook  straightens  out.  I  believe 
hooks  are  a  necessary  evil.  In  the  case  of  a  traveling  crane  we 
have  to  have  them,  but  in  that  case  we  never  have  suddenly 
applied  strains.  On  the  outside  it  is  a  case  of  go  ahead  and 
put  the  material  up  as  quickly  as  we  can.  Shackles  in  any  case 
are  better,  and  instead  of  using  the  link  or  ring  I  frequently 
take  two  bars  and  put  them  together  with  a  couple  of  through 
bolts. 

I  think  in  all  erection  work,  after  it  is  looked  into  carefully 
and  determined,  beyond  a  question,  the  most  advantageous  po¬ 
sition  for  the  derricks  or  travelers,  the  first  thing  an  engineer 
should  do  in  any  case  is  to  find  the  weight  of  the  heaviest  mem¬ 
ber  to  be  handled,  because  that  will  often  determine  the  par¬ 
ticular  derrick  or  traveler  to  use  on  the  job.  In  the  case  of  the 
girder  clamps  as  mentioned,  I  do  not  think  a  ring  should  be 
used  at  all.  I  believe  the  angle  of  these  should  be  made  60  deg. 
with  the  horizontal  instead  of  the  vertical,  and  instead  of  the 
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ring  a  triangular  shaped  piece  oi‘  round  iron,  or  steel,  should 
he  used,  which  will  permit  the  strains  to  he  carried  more  nearly 
in  a  straight  line  to  the  hook  or  clevis. 

I  do  not  favor  the  construction  of  gudgeon  pin  which  has 
been  used  ordinarily;  that  is,  a  pin  passed  down  into  the  tim¬ 
ber.  I  believe  more  satisfactory  results  are  obtained  by  putting 
the  gudgeon  pin  right  on  the  face  of  the  mast,  making  the  con¬ 
struction  of  angles  or  channels,  with  a  plate  in  back  of  them, 
between  gudgeon  pin  and  mast,  and  the  gudgeon  pin  in  between 
the  angles  or  channels.  It  is  easy  to  figure  out  the  bending 
moment,  and  one  can  see  the  condition  the  pin  and  mast  are  in 
at  all  times;  further,  in  the  case  of  a  wooden  mast,  there  is 
no  danger  of  splitting  it.  Have  the  sheave  block  so  constructed 
that  the  side  straps,  instead  of  being  made  to  attach  to  a  hook 
or  bent  for  a  clevis,  extend  a  sufficient  distance  beyond  the  plates 
separating  sheaves  that  a  bolt  may  pass  through  them.  Sheave 
blocks  of  this  type  may  then  be  attached  to  the  gudgeon  pin 
construction  referred  to  by  means  of  a  flat  bar  with  a  hole  in 
each  end,  this  bar  being  made  of  any  length  desired. 

The  only  objection  that  can  possibly  be  raised  against  this 
construction  is  that  of  the  eccentric  loading  of  the  mast,  and 
this  objection  is  slight  as  compared  to  the  advantages. 

In  the  case  of  derrick  it  is  sometimes  better  to  go  a  little 
beyond  the  ordinary  practice;  for  instance,  Mr.  Godfrey  speaks 
of  the  common  practice  being  three  to  two.  I  think  the  most 
common  construction  in  the  case  of  derricks  used  in  the  erection 
of  steel  buildings  would  be  probably  70  ft.  boom  and  36  or  38 
ft.  mast.  T  used  a  100  ft.  boom  with  32  ft.  mast  in  the  erect¬ 
ion  of  the  Pittsburgh  &  Lake  Erie  Railroad  Company  shops  at 
Dickerson  Run. 

Tn  connection  with  derricks  necessary  to  lift  the  load.  T  do 
not  believe  in  simply  taking  the  capacity  of  the  blocks.  I  very 
frequently  use  six-sheave  blocks  where  other  people  use  but 
three.  Tn  that  case  I  get  away  from  the  sudden  jerks  and  T 
can  now  and  then  use  smaller  derricks  of  lower  capacity. 

Mr.  Godfrey  spoke  of  derricks  14  by  14  by  70  ft.  failing 
with  18  000  lb.  load.  Tn  this  connection  T  want  to  say  that  T 
have  very  frequently  lifted  15-ton  loads  on  a  derrick  with  a  70 


738  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENN  A. 

ft.  boom  and  36  ft.  mast  both  made  of  14  by  14  in.  timbers.  I 
have  lifted  27 l/2  tons  with  a  low  boom,  mast  and  boom  being 
made  of  16  by  16  in.  timber,  and  I  know  there  was  nothing  in 
the  world,  except  the  fact  that  I  had  a  number  of  sheaves,  that 
saved  me  on  the  work.  I  watched  that  on  smaller  derricks  and 
I  determined  to  take  a  chance  on  it. 

One  of  the  important  things,  about  derrick  design  is  the 
shipping  of  them,  and  I  find  it  profitable  to  build  the  derricks 
in  sections,  the  boom  and  stifflegs  cut  in  two,  bringing  them 
down  to  the  length  of  a  car,  when  thejr  can  be  shipped  at  a 
great  deal  less  expense. 

This  is  a  very  interesting  subject  and  one  cannot  get  very 
much  information  on  it,  as  it  is  generally  considered  simply  a 
bit  of  guess  work;  and  I  am  very  glad  to  have  heard  this 
paper.  In  designing  derricks  we  all  recognize  that  it  all  de¬ 
pends  on  the  use  to  which  the  derrick  is  to  be  put.  Tf  it  is 
built  for  dredging  or  handling  sand  or  gravel,  of  necessity  we 
must  figure  a  much  larger  factor  of  safety  and  also  carefully 
take  into  account  the  wearing  surfaces;  but  in  the  ordinary 
use  such  as  in  the  erection  of  a  big  structure  if  an  engineer 
will  figure  the  derrick  fittings  at  16  000  lb.  outside  fiber  strain, 
20  000  lb.  for  bearing,  and  12  000  lb.  for  shear,  he  will  be  fairly 
safe. 

Another  rule  which  I  follow  in  erection  work  in  the  case  of 
chains  is  that  of  taking  iy2  times  the  strength  of  the  bar  from 
which  the  chain  is  made.  In  other  words  that  class  of  work  is  one 
where  the  load  comes  on  suddenly,  and  if  it  is  being  worked 
with  judgment,  16  000  lb.  working  strain  is  positively  the  ulti¬ 
mate  that  anybody  should  work  to.  A  much  safer  load  is  to  take 
it  as  if  it  were  a  single  bar  of  the  size  of  which  the  chain  is 
made.  If  the  chain  be  watched  properly  one  can  tell  very  readi¬ 
ly  what  it  will  do. 

Another  good  thing  is  for  a  man  to  watch  his  chains  in  cold 
weather;  and  if  in  the  field,  to  throw  them  on  the  fire  every 
morning  before  using  them.  That  is  a  hard  and  fast  rule  with 
me,  and  the  result  is  that  I  have  never  had  any  broken  chains 
due  to  frost.  I  attribute  it  to  this  cause,  for  I  have  seen  chains 
go  down  with  not  more  than  one-sixth  or  one-seventh  of  the 
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ordinary  load  put  on  those  chains,  and  1  consider  it  due  to 
nothing  but  frosty  weather. 

Mp..  H.  J.  Lewis*:  Referring  to  t his  matter  of  annealing,  I 
do  not  think  any  of  us  know  too  much  about  it.  I  would  sug¬ 
gest,  however,  that  a  part  of  the  benefit  of  annealing  a  chain  is 
probably  in  reducing  the  internal  strains  which  have  resulted 
from  the  deformation  of  its  members.  For  instance,  consider 
a  chain  which  has  been  pulled  until  the  links  have  been  flatten¬ 
ed  across  the  length  of  the  chain.  This  means  that  portions  of 
the  links  are  in  flexure  and  have  internal  strains.  If  the  chain 
is  warmed  up  to  a  point  which  will  allow  it  to  at  least  partially 
equalize  this  internal  strain,  then  the  whole  section  of  the  link 
when  it  is  under  working  strain  again  will  do  better  team  work. 
That  is,  the  formula  which  takes  into  account  the  section 
modulus  and  the  distance  of  the  outside  fiber,  is  really  more  con¬ 
sistent  than  it  was  at  the  time  when  the  members  of  the  chain 
■were  under  internal  strain. 

Now  in  annealing  we  should  be  careful  not  to  warm  the 
material  to  too  high  a  point,  particularly  if  it  is  high  carbon 
steel,  because  a  high  carbon  steel  possesses  certain  critical  heat 
points  and  if  it  is  carried  above  those  and  simply  cooled  without 
work  the  benefit  of  the  annealing  is  very  doubtful.  It  is 
probable  that  a  cherry  red  which  is  visible  in  daylight  is  too 
high  a  temperature  for  field  annealing. 

Mr.  J.  A.  McCuLLOCiit :  “Cold  Crystallization”,  annealing 
and  welding  have  elicited  conflicting  ideas.  Certain  known 
facts,  that  are  not  new,  offer  indications  that  tend  to  reconcile 
some  of  these  ideas. 

“Cold  Crystallization”:  An  explanation  has  been  suggested 
which  starts  on  facts  of  competent  authority  and  proceeds  by 
what  may  be  only  conjecture  since  I  cannot  state  that  tests  have 
been  made  which  establish  proof;  however  this  explanation  ap¬ 
pears  the  most  rationally  satisfactory  yet  proposed. 

Using  quite  moderate  powers  of  the  microscope  we  can  see 
that  steel,  and  indeed  most  ductile  structural  metals  prepared 

♦Consulting-  Engineer,  336  Fourth  Ave.,  Pittsburgh. 

tMechanical  Engineer,  National  Tube  Company,  McKeesport,  Ta. 
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from  a  fluid  state,  have  a  very  conspicuous  texture  which  is 
called  crystalline,  by  common  consent.  The  familiar  crystalliza¬ 
tion  in  which  the  crystals  form  as  to  be  separated  from  the 
mother  liquor  is  entirely  unlike  what  takes  place  in  ductile  met¬ 
als  whose  crystals  form  a  solution  all  of  which  solidifies  into  the 
final  mass.  The  crystals  are  thus  enveloped  in  cementing  ma¬ 
terial. 

When  stress  is  applied  the  distortion  produced  is  undoubt¬ 
edly  partly  a  change  in  shape  of  the  crystals  themselves,  but 
a  slipping  also  occurs  where  they  are  cemented  together.  That 
slipping  does  occur  has  been  proven  by  the  discovery  of  minute 
curved  lines  in  the  crystals  and  adjacent  to  the  cemented  sur¬ 
faces.*  The  lines  do  not  exhibit  this  curvature  prior  to  ap¬ 
plication  of  stress.  See  Fig.  5. 

It  is  conceivable  that  when  a  small  slip  first  occurs  it  will 
be  at  some  point  where  the  arrangement  of  the  crystal  tends  to 
form  a  “jam”  with  resulting  high  local  stress  or  will  be  at  a 
place  where  the  cementing  is  weak  or  where  a  relatively  large 
and  weak  crystal  is  situated  among  smaller  ones,  etc.  A  mathe- 
*  matical  view,  ignoring  the  crystalline  structure  but  considering 
an  ideally  homogeneous  (isotropic)  elastic  substance  containing 
a  void,  or  enclosure,  enables  mathematical  proof  and  computa¬ 
tion  of  the  irregular  distribution  of  stress  when  the  substance 
is  subjected  to  uniform  terminal  traction.  The  result  is,  briefly, 
that  the  intensity  of  stress  near  (but  not  at)  the  boundary  of 
the  enclosure  may  be  two  or  more  times  the  average  stress.** 
From  which  ever  viewpoint  we  look  at  the  subject,  it  is  cer¬ 
tain  that  in  actual  engineering  materials  the  stress  is  not  uni¬ 
formly  distributed  and  that  local  small  slipping  does  occur. 
It  is  further  conceivable  that  a  repetition  of  high  stress  will  be 
less  apt  to  start  new  slips  than  to  extend  the  earlier  slips  until, 
by  frequent  repetitions,  these  planes  of  sliding  are  polished  and 
extended  so  as  to  intersect,  producing  a  stage  in  which  rupture 
may  be  caused  by  a  relatively  moderate  load.  For  example,  see 
Fig.  6 :  Slips  starting  at  A,  B,  C,  etc.,  may  extend  along  paths 
of  least  resistance  until  they  form  the  planes  of  cleavage  in- 

*Properties  of  Matter,  Poynting  &  Thomson’s  Physics,  Vol.  1. 

**A.  Leon,  Proc.  In.  Soc.  Test  Mat.,  Vol.  I,  No.  viii/10. 
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dicated  by  the  heavy  lines.  After  fracture  there  would  be  the 
appearance  of  large  crystals  bounded  by  the  surfaces  A,  B}  C\ 
etc.:  The  so-called  “Cold  Crystallization  of  Steel”  The  initial 
crystallization  has  substantially  retained  its  initial  configuration1 
and  what  appear  after  fracture  to  be  surfaces  of  crystals, 
are  in  reality  the  polished  sliding  surfaces  which  bound  aggre¬ 
gates  containing  many  small  crystals. 


Fig.  6. 


These  surfaces  bear  a  striking  analogy  to  the  fault  planes 
of  crystalline  rocks  that  have  been  subject  to  geologic  disturb¬ 
ances.  Outcrops  of  such  rocks  when  seen  from  a  distance  ap¬ 
pear  composed  of  crystals  which  closely  viewed  are  composed  of 
many  crystals  visible  to  the  naked  eye,  but  these  crystals  under 
the  microscope  are  often  seen  to  be  quite  composite  structures. 

The  analogy  of  the  rocks  is  still  greater  because  they  possess 
the  power  of  latent  plasticity  which  Geikie  says  is  the  property 
of  viscous  flow  which  rocks  develop  when  buried  so  deep  within 
the  earth  and  so  tightly  confined  that  they  can  only  yield  by 
flowage.  Steel,  when  slowly  pulled  in  the  tensile  testing  ma¬ 
chine,  exhibits  flow.  Possibly  its  great  cohesion  and  plasticity 
are  the  properties  that  offset  the  external  constraint  that  rocks 
require,  and  so  complete  the  analogy.  Flow  requires  time;  it  is 
a  time  phenomenon. 

It  is  conceivable  that  re-adjustments  between  crystals  or 

(1)  E.  Heyn — Proc.  I.  A.  T.  M.,  Vol.  I,  Taper  II/l,  p.  46. 
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readjustments  of  stress  in  the  plastic  state  beyond  the  elastic 
limit  will  tend  to  lessen  the  effects  of  localized  stress,  when  time 
is  allowed  for  the  flow  to  take  place.  Similarly  great  uniformity 
of  rapid  stress  may  mask  the  “cold  crystallization”  and  permit 
the  production  of  a  silky  fracture. 

These  conceptions  may  be  disturbing  to  those  who  prefer 
some  one  or  other  of  the  mathematical  ways  of  computing 
strength  based  on  certain  assumed  internal  actions  under  stress. 
Don’t  understand  me  as  wishing  to  disturb  these  theories.  They 
are  useful  and  the  mathematical  formulas  they  severally  yield 
are  our  best  guides  and  are  great  time  savers,  but  we  must  not 
confound  theory  and  fact,  nor  assume  our  knowledge  complete. 
These  considerations  also  aid  our  thinking  as  to  the  strength 
to  be  expected  in  the  materials  of  construction  especially  in  re¬ 
gard  to  low  average  stress  producing  high  strains  that  may  mask 
the  detection  of  the  elastic  limit.  I  have  therefore  endeavored 
to  avoid  implying  that  the  actions  of  cold  working  are  in  any  way 
peculiar  to  stress  within  or  beyond  the  elastic  limit.  Questions 
of  unequal  stress  distribution,  hysteresis  of  ductile  metals,  set 
within  the  elastic  limit,  whether  failure  be  due  to  exceeding  limit 
of  stress,  or  of  strain,  or  of  induced  shear  are  live  issues  of  the 
present  day 2  and  to  follow  them  would  lead  far  from  the 
subject  of  the  evening. 

“Cold  Crystallization”  appears  to  be  refuted  by  the  fact 
that  cold  working  of  steel  reduces  the  size  of  the  crystals 3 
and  thus  accomplishes  at  least  one  of  the  results  that  annealing 
accomplishes. 

Turning  to  annealing  we  face  an  entirely  different  type  of 
actions.  When  we  heat  to  the  critical  temperature  the  ma¬ 
terial  arrives  at  a  state  in  which  the  crystalline  structure  may 
be  wholly  changed  and  broken  into  very  minute  crystals  by 
sudden  cooling.  At  the  high  heat  the  substance  is  supposed  to 
be  a  “solid  solution.”  Possibly  the  action  is  merely  the  re¬ 
tention  of  minute  crystals  by  not  allowing  time  for  large  ones 
to  form ;  a  phenomenon  observed  in  saturated  solutions  of  many 

(2)  Committee  Report  on  Stress  Distribution — Engineering-  (London) 
Oct.  24,  1913,  p.  570,  and  Nov.  7,  1913,  p.  639. 

(3)  W.  Misangyi — Proc.  International  Asso.  for  Testing  Materials,  Vol. 
I,  Paper  VIII/12. 
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crystalline  salts.  The  microscope  has  established  the  tact  for 
steel.  As  cast,  its  main  crystals  may  be  very  large,  but 
quenched  it  may  require  the  microscope  to  see  them.  Quenching 
hardens  some  steels  (tool  steel,  etc.)  and  these  require  reheating 
to  restore  them  to  a  ductile  condition.  Other  steels  low  in  car¬ 
bon  and  other  contents  may  not  require  reheating  although  it 
always  relieves  the  internal  stress  induced  by  quenching.  When 
the  steel  has  been  hardened  by  quenching,  the  subsequent  heat¬ 
ing  is  called  tempering  if  the  heating  is  only  moderate,  as  in 
the  case  of  edge  tools,  but  is  called  annealing  if  the  heating  is 
high  enough  to  eliminate  most  of  the  hardening.  When  the 
composition  is  such  that  hardening  does  not  occur  on  quenching 
it  is  often  possible  to  obtain  satisfactory  anneal  by  simply 
heating  and  not  quenching  but  the  quenching  always  produces 
a  more  profound  “fining  of  the  grain"  i.  e.  small  crystallization. 
Caution  as  to  the  quenching  fluid  must  be  observed.  Low  steel 
on  up  to  tool  steels  may  be  quenched  in  water,  oil  or  mercury, 
the  more  rapid  the  cooling  the  more  intense  the  “fining”  of 
grain  but  there  is  danger  of  producing  cracks  and  this  in¬ 
creases  with  content  of  hardening  material  until  where  this  is 
great,  air,  or  even  red  hot  lead,  must  be  the  cooling  agent.  For 
large  masses  of  medium  carbon  steel,  oil  is  largely  used  as  its 
ability  to  extract  heat  is  less  than  water  and  therefore  it  is 
slower  and  less  liable  to  produce  cracks.  *  The  critical  tempera¬ 
ture  is  higher  as  the  iron  content  is  higher  therefore  for  low 
steel  and  wrought  iron  the  heat  must  be  high  to  relieve  crystal¬ 
lization  but  the  hardening  and  internal  stress  due  to  cold  work¬ 
ing  may  often  largely  be  relieved  by  moderate  heating  or  even 
by  warning :  i.  e.  in  boiling  water. 

Chains  are  usually  welded.  The  welding  requires  a  heat 
above  the  critical  temperature.  Only  part  of  the  link  is  so 
heated,  hence  the  need  for  initial  annealing.  Subsequent  an¬ 
nealing,  after  use,  is  required  because  of  high  repetitive  stress. 
The  stress  distribution  in  a  chain  link  is  very  irregular  and 
therefore  its  action  is  more  severe  on  the  material;  i.  e.  thev 
are  peculiarly  liable  to  “cold  crystallization”  As  to  steel  and 
iron  chains  I  have  no  personal  interest  whatever,  yet  I  know 
uses  where  steel  chains  are  undoubtedly  superior  to  iron. 
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As  to  welds:  Some  time  since  I  had  occasion  to  test  many 
welds  (several  hundred)  both  in  steel  and  wrought  iron.  They 
were  nearly  all  commercial  welds ;  many  were  purchased  in  the 
open  market.  The  results  left  no  room  for  doubt.  Welds  as 
commercially  made  in  wrought  iron  are  not  as  strong  as  welds 
commercially  made  in  steel. 

Mr.  P.  E.  Hunter:  I  find  that  the  same  thing  holds  true 
in  an  8  to  12  carbon.  We  are  engaged  in  a  manufacturing 
business  in  which  we  are  welding  boxes  made  of  heavy  plate,  and 
have  found  that  in  welding  the  heads  and  sides  and  ends,  we 
would  get  an  extremely  good  weld  in  first-class  material  run¬ 
ning  from  8  to  12  carbon.  We  have  tested  it  against  wrought 
iron,  and  we  found  we  were  getting  a  stronger  weld  in  the  steel. 
One  peculiar  thing  about  this  steel  is  that  after  the  box  was  in 
the  furnaces  where  it  is  heated  for  from  twelve  to  fifteen  hours 
and  allowed  to  cool,  then  reheated,  etc.,  until  practically  worn 
out,  when  the  steel  breaks  off  it  looks  for  all  the  world  like  cast 
iron ;  the  biggest  crystals  I  ever  saw  in  steel. 

Mr.  J.  A.  McCulloch  :  That,  I  think,  is  another  phenom¬ 
enon  :  one  that  is  often  called  the  absorption  process  and  at 
times  blamed  on  nitrogen,  at  other  times,  on  oxygen  or  hydro¬ 
gen,  etc.  It  is  little  understood,  the  “ Doctors  don’t  agree.”  It 
is,  however,  a  known*  fact  that  the  physical  qualities  of  steel 
may  be  impaired  by  prolonged  heating  to  a  temperature  in  the 
neighborhood  of  that  proper  for  annealing  the  grade  of  steel 
in  question;  i.  e.  holding  the  heat  for  many  hours.  A  case  in 
point  recurs  to  mind,  and  I  had  special  occasion  to  note  it  al¬ 
though  not  connected  with  it,  in  any  way.  A  steamer  shaft 
broke  at  sea.  The  makers  rushed  out  replacement  but  feared 
that  the  annealing  had  been  too  hasty.  To  play  safe  they  made 
a  duplicate  shaft  and  took  “plenty”  of  time  to  anneal  it  thor¬ 
oughly.  The  rush  shaft  was  not  soon  heard  from  but  a  sister 
ship  reported  a  similar  failure  and  the  carefully  annealed  shaft 
was  installed  only  to  promptly  fail.  This  started  an  investiga¬ 
tion  which  resulted,  briefly,  in  indicating  that  slow  heating  to  a 
high  annealing  temperature  which  is  held  some  hours  and  fol¬ 
lowed  by  very  gradual  cooling,  a  week  or  so,  would  render  good 
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steel  unfit  for  use;  would  reduce  its  elastic  limit  below  11000 
lb.  per  s<j.  inch.  However,  if  the  same  specimen  be  subsequently 
heated  above  its  critical  temperature  and  quenched  in  oil  then 
annealed  it  would  show  normal  elastic  limit  of  say  30  000  to 
40  000  lb.  when  the  operations  were  performed,  with  dispatch. 
Success  in  annealing  depends  largely  upon  intelligently  adapt¬ 
ing  the  temperatures  and  sequence  of  operations  to  the  require¬ 
ments  of  the  grade  of  steel. 

Mr.  P.  E.  Hunter  :  Let  me  explain  that  action.  After 
about  150  heats  these  boxes  are  sent  to  us  to  be  repaired,  and 
we  remove  the  heads,  which  are  the  most  damaged  part  of  the 
box,  and  cut  it  under  the  shears  and  it  snaps  like  cast  iron,  and 
pieces  fly  off;  the  life  is  actually  gone. 

Mr.  J.  A.  McCulloch  :  T  do  not  think  you  could  restore 
that  steel  without  forging,  and  I  do  not  know  that  forging  would 
do  it.  It  may  be  like  a  cast  iron  grate  bar  that  has  absorbed 
some  foreign  element. 

Mr.  P.  E.  Hunter:  I  have  not  heard  any  mention  of  the 
failure  of  derricks  when  used  in  the  construction  of  buildings. 
I  have  noted  quite  a  number  of  failures  due  to  not  getting  the 
proper  supporting  strength  under  the  mast.  Very  frequently 
they  place  the  lay-legs  over  beams  and  girders  whose  connec¬ 
tions  are  not  sufficient  to  take  care  of  the  load  coming  on  the 
mast.  Any  engineer  knows  how  to  figure  that  action  as  a 
lever,  or  overhanging  beam,  and  knows  that  the  load  on  the 
mast  may  be  three  times  as  much  as  the  load  being  lifted,  and 
if  there  is  barely  the  strength  in  the  beam  or  girder  connection 
to  support  the  load  on  the  end  of  the  boom,  there  is  not  sufficient 
to  take  care  of  the  load  from  the  mast. 

Another  thing  is  the  necessity  of  the  downcomers  that 
were  mentioned.  Very  frequently,  particularly  with  the  socket 
type  of  step,  the  mast  will  jump  out  and  the  entire  rig  come 
down.  Also  in  case  of  guy  derricks  it  is  a  good  thing  to  throw 
out  kickers  very  carefully  so  there  is  no  chance  for  the  timbers 
under  the  step  to  move  in  any  direction.  If  these  things  are 
watched  a  great  many  accidents  can  be  avoided. 

One  feature  in  regard  to  guy  derricks  may  be  mentioned  as 
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a  special  case.  A  boom  will  be  made,  ordinarily,  about  ten  feet 
shorter  than  the  mast.  I  have  used  guy  derricks  where  I  had  a 
boom  twice  the  length  of  the  mast.  That  was  under  a  particular 
case  where  the  boom  had  to  be  swung  only  through  about  180 
deg.  It  necessitated  loosening  the  front  guys  to  throw  them 
over  the  boom.  It  was  a  case  of  a  long  reach.  In  a  certain  case 
with  a  36  ft.  mast  I  used  a  65  ft.  boom.  Of  course  I  lost  the 
time  due  to  changing  the  guys,  but  I  saved  a  great  deal  of 

.time  as  compared  with  setting  another  derrick. 

/ 

The  Author  :  There  is  one  thing  I  would  like  to  say  in 
regard  to  Mr.  Hunter’s  assertion  that  the  theory  of  rings  and 
chains,  etc.,  is  disproved  in  actual  experience.  It  is  true  that 
the  calculated  fiber  stress  in  rings  and  hooks,  pins  and  bends  in 
iron  is  very  often  more  than  the  elastic  limit,  often  more  than 
the  ultimate  strength  of  the  material.  This  does  not  disprove 
the  elastic  theory,  because  the  elastic  theory  only  applies  up 
to  the  elastic  limit  of  the  material.  Strains  are  re-adjusted 
when  the  extreme  fiber  stress  reaches  the  elastic  limit,  and  the 
condition  is  not  the  same  because  the  steel  is  not  perfectly 
elastic.  At  the  same  time,  a  stress  or  load  repeatedly  applied 
on  a  chain,  ring,  or  hook  which  produces  strains  to  the  elastic 
limit  theoretically  will  eventually  break  the  piece.  It  may 
stand  that  load  hundreds  of  times  but  it  will  eventually  break, 
so  that  the  theory  of  rings  and  chains  is  not  disproved  by  the 
example  where  the  calculated  stress  exceeds  the  ultimate 
strength  of  the  material. 

Another  thing,  in  the  case  which  he  mentioned  where  the 
ring  broke  off  at  the  side,  this  too  does  not  disprove  the  elastic 
theory  of  rings.  That  particular  point  may  have  been  the  weak¬ 
est  point  in  that  ring,  it  may  have  received  sudden  or  excessive 
loads  in  a  different  position  at  other  times,  so  that  the  weakest 
point  caused  the  break,  no  matter  where  the  theory  showed  the 
greatest  fiber  stress  to  be. 

The  theory  is  useful  in  discovering  when  a  piece  of  metal 
is  overstrained.  In  the  case  of  the  end  hitch  on  an  elevator,  I 
had  occasion  to  examine  a  piece  of  iron  that  was  bent  in  two 
sharp  angles.  The  piece  failed  at  a  load  of  6500  lb.  on  two 
straps.  Six  pieces  were  taken  out  of  similar  elevators  and 
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tested.  One  of  the  tests  stood  6300  lb.  That  was  t lie  lowest. 
The  highest  stood  32  000  lb.  The  safe  load  of  the  strap,  or  hitch 
calculated  at  10  000  lb.,  was  1440  lb.  and  the  theory  was  use¬ 
ful  there  to  show  what  was  absolutely  safe.  The  practice  was 
absolutely  worthless,  that  is  the  tests,  because  if  the  low  test 
had  been  omitted,  the  32  000  lb.  ultimate  test  would  have  ap¬ 
parently  shown  a  factor  of  safety  of  ten,  whereas  the  piece  with 
an  apparent  factor  of  safety  often  is  overstrained  and  fails. 
The  theory  there  was  far  more  useful  than  any  number  of  tests, 
because  the  theory  shows  us  what  will  happen  in  a  large  num¬ 
ber  of  repetitions  of  the  load.  The  theory  shows  the  bending 
stress  at  the  corner  of  the  bent  piece  of  iron,  from  which  the 
extreme  fiber  stress  may  be  calculated. 

Mr.  P.  E.  Hunter:  I  heartily  agree  with  that  statement. 
I  merely  mentioned  the  case  of  that  ring  because  T  thought  it 
was  such  a  peculiar  example  from  any  standpoint.  That  was  a 
particularly  hard  piece  of  steel  and  yet  it  did  not  break  at  the 
weld.  It  was  entirely  due  to  the  piece  having  been  strained  some 
time  in  the  past  that  it  broke  where  it  did,  but  should  have 
failed  in  any  circumstance  under  such  a  load. 

Mr.  Willis  Whited*:  Mr.  Godfrey  has  performed  a  dis¬ 
tinct  service  to  the  profession,  in  gathering,  in  such  small  com¬ 
pass,  so  much  information  regarding  a  subject,  the  ignorance  of 
which,  is  annually  the  cause  of  large  loss  of  life  and  property. 

Some  of  this  loss  is  due  to  accident  pure  and  simple,  but  I 
am  satisfied  that  a  large  proportion  of  it  is  due  to  the  ig¬ 
norance  of  the  men  in  charge  of  the  work.  It  is  not  an  easy 
matter  to  draw  the  line  between  having  equipment  so  heavy 
and  clumsy  as  to  greatly  decrease  its  usefulness  and  having  it 
so  light  as  to  be  unsafe. 

The  unit  stress  which  the  author  advocates,  10  000  lb.  per 
sq.  in.  for  hooks,  seems  to  me  to  be  rather  small,  in  view  of  the 
fact,  that  men  handling  heavy  loads  are  apt  to  be  very  careful 
when  the  load  approaches  the  capacity  of  their  equipment,  care 
being  taken  to  avoid  any  impact  due  to  slipping  chains,  etc., 
when  the  full  load  is  being  lifted.  It  should  be  borne  in  mind 
that  the  point  of  application  of  a  load  on  a  hook,  is  sometimes 
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further  out  than  the  hook  is  intended  to  carry,  thus  increasing 
the  bending  moment. 

The  author  speaks  of  annealing  hooks,  chains,  etc.  It  is  a 
well  known  fact  that  if  metal  is  strained  beyond  the  elastic 
limit  it  becomes  more  brittle  but  is  not  weakened,  annealing 
if  properly  done,  will  restore  it  to  its  original  condition.  I 
quite  agree  with  the  author  when  he  says  that  he  doubts  the 
possibility  of  steel  being  crystallized,  or  otherwise  altered  in 
its  physical  condition,  by  any  load  less  than  the  elastic  limit, 
whatever  number  of  times  it  may  be  applied.  It  should  be 
borne  in  mind,  that  the  elastic  limit  is  considerably  below  the 
yield  point  of  the  metal,  but  it  is  probable  that  continued 
loading  beyond  the  yield  point,  would  have  much  more  effect  on 
the  metal,  than  any  number  of  applications  of  the  load,  to  a 
point  considerably  below  the  yield  point.  Engineers  are  well 
aware  that  the  effect  of  loading  on  the  metal  is  measured  by  the 
distortion  of  the  metal,  and  not  by  the  load  applied.  A  sud¬ 
den  application  of  a  load  will  distort  the  metal  much  more 
than  the  same  load,  gradually  applied.  A  man  can  bend  a  fair¬ 
ly  good  sized  bar  of  iron  by  repeated  blows  of  a  two-pound  ham¬ 
mer,  while  the  gradually  applied  load  required  to  bend  it  an 
equal  amount,  would  be  much  more  than  two  pounds. 

Speaking  of  rings,  I  would  suggest  that  the  main  question 
is  the  perfection  of  the  weld,  which  may  be  said  also  of  chains, 
and  this  is  the  only  excuse  that  can  be  advanced  for  applying 
a  proof  test  to  them.  Regarding  the  construction  of  chains,  I 
would  suggest  that  the  link  be  made  only  slightly  wider  than  is 
required  to  take  the  succeeding  link,  thus,  reducing  the  bending 
stress  imposed  on  the  chain  by  the  load,  and  also  reducing  the 
liability  of  the  chain  kinking.  For  this  same  reason  the  link 
should  not  be  made  too  long,  and  for  the  further  reason  that 
the  long  links  are  much  more  liable  to  be  bent  in  going  through 
rings  and  hooks,  and  around  the  corners  of  the  load  to  be  lifted. 
What  the  author  says  about  the  improper  hitching  of  chains,  is 
important,  and  should  be  widely  published. 

I  agree  with  all  the  author  says  on  the  subject  of  ropes, 
and  I  would  further  suggest  that  knots  be  avoided  as  -much  as 
practicable.  I  have  often  tested  ropes  containing  various  kinds 
of  knots,  and  found  that  the  second  strand  would  often  break 
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at  about  85  percent  of  the  load  required  to  break  the  first  strand, 
and  that  the  third  strand  would  carry  60  or  70  percent  of  the 
ultimate  strength  of  the  rope.  This  is  easily  accounted  for 
when  special  attention  is  called  to  it.  I  have  also  found  that 
splices  hold  much  better  than  knots,  because  they  distort  the 
strands  much  less.  I  find  in  the  case  of  ordinary  short  splices 
that  the  splices  will  hold  with  each  strand  tucked  through  the 
rope  twice  j  but  it  adds  considerable  to  the  strength,  if  part 
of  each  strand  is  cut  away  and  the  remainder  tucked  through 
the  rope  again.  The  reason  for  this,  evidently,  is  that  it  causes 
less  distortion  in  the  strands.  I  find  wire  ropes  to  be  much  the 
same  in  this  respect.  I  have  made  no  tests  of  wire  ropes  con¬ 
nected  by  means  of  modern  clamps,  but  with  the  old  fashioned 
clamps  I  found  that  it  added  considerably  to  the  strength  of 
the  rope  when  an  additional  clamp  was  used  and  not  screwed 
so  tight.  This  clamp  to  be  placed  nearest  the  main  rope,  its 
purpose  being  to  relieve  the  rope  of  the  cutting  action,  due  to 
the  excessive  pressure  of  the  other  clamps. 

I  quite  agree  with  what  the  author  says,  regarding  conical 
sockets  for  connections  to  wire  ropes,  but  if  the  socket  is  made 
large  enough  so  that  the  broomed  tops  of  the  rope  do  not  get 
more  than  about  70  percent  of  the  load,  and  the  hole  is  thor¬ 
oughly  filled  with  metal,  it  makes  the  most  satisfactory  con¬ 
nection  that  I  know  of.  I  have  often  tested  rope  made  of  crucible 
steel,  with  such  connections,  in  which  the  rope  broke  in  the 
body  and  the  fracture  of  the  successive  strands  indicated  that 
the  stress  was  very  uniformly  distributed  throughout  the  rope. 
Regarding  the  number  of  broken  wires  allowed  before  a  rope 
is  condemned,  I  would  suggest  that  wire  rope  which  has  been 
in  long  service,  develops  friction  between  the  wires,  wearing 
them  down  very  appreciably,  especially  those  on  the  outside  of 
the  cable.  I  think  this  should  be  considered  in  connection  with 
this  matter. 

• 

The  author  does  well  to  call  attention  to  the  weakness  of 
pins  in  ordinary  sheaves,  although  round  steel  subjected  to 
bending  stress,  will  carry  heavier  loads  than  the  calculations 
would  indicate,  owing  to  the  fact  that  the  assumption  on  which 
the  calculation  is  based  is  only  partially  correct,  the  effect  of 
the  error  being  greater  in  the  case  of  relatively  shorter  spans. 
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This  fact  has  saved  many  sheaves  from  failure.  The  principal 
object  of  making  the  pins  small  is  to  reduce  the  loss  by  friction. 

Referring  to  stiff-leg  derricks,  I  would  call  attention  to  the 
fact,  that  in  certain  positions  of  the  boom,  one  of  the  stiff  legs 
acts  in  compression'  which  throws  tensile  stress  on  the  gudgeon. 
It  is  imperative  that  tensile  stress  be  provided  for  in  securing 
the  gudgeon  pin  in  place. 

The  Author  :  Mr.  Willis  Whited  has  added  some  very 
valuable  suggestions.  His  remarks  about  a  unit  stress  of  10  000 
lb.  has  weight.  I  did  not  expect  to  bring  contractors  down  to 
this  unit  “with  one  lesson.”  It  is  a  long  job,  this  introduction 
of  reforms.  My  formulas  at  10  000  lb.  would  show  those  who 
handle  loads  how  the  safety  of  their  equipment  compares  with 
bridges,  also  10  000  lb.  makes  a  convenient  base  to  transform  to 
12  000  or  15  000  lb.  by  a  simple  multiplication. 

I  am  not  exactly  in  agreement  with  Mr.  Whited’s  state¬ 
ment  regarding  the  relative  effects  of  sudden  blows  and  grad¬ 
ually  applied  loads.  A  two-pound  load  and  a  blow  from  a  two- 
pound  hammer  are  not  comparable,  the  dynamic  effect  of  the 
blow  must  be  considered.  I  think  it  can  be  demonstrated  that, 
contrary  to  Mr.  Whited’s  assertion,  the  gradually  applied  load 
will  produce  greater  distortion  than  the  sudden  blow  which 
would  give  the  same  extreme  fiber  stress  in  the  metal.  By 
striking  a  sudden  blow  on  a  bar  one  or  more  times  is  can  be 
broken  sharp  with  little  or  no  distortion,  because  there  is  not 
time  for  the  metal  to  flow  or  the  fibers  to  be  drawn  out.  This 
is  why  accidental  breaks  are  generally  sharp  and  crystalline. 
A  gradually  applied  load  that  would  rupture  the  same  bar 
would  draw  out  the  fibers  and  cause  bending  or  distrotion. 
High  speed  in  a  testing  machine  gives  less  stretch. 

Mr.  Whited  is  no  doubt  right  in  stating  that  a  stronger 
detail  can  be  made  for  wire  ropes  with  a  socket  than  with 
thimble  and  clamp,  if  breaking  loads  be  considered.  But  my 
objection  to  the  socket  is  that  too  much  depends  on  the  work¬ 
manship,  and  the  charcter  of  this  cannot  be  discovered  without 
breaking  the  detail.  The  safe  load  on  a  rope  never  overtaxes 
the  ordinary  thimble  and  clamp  detail;,  and  the  rope  will  not 
wear  out  at  this  detail,  but  elsewhere,  where  it  is  passing  over 
sheaves;  and  it  is  an  easy  matter  to  inspect  such  a  detail. 


ANNUAL  MEETING 


The  Thirty-Third  Annual  Meeting  of  the  Engineers’  Society  of 
Western  Pennsylvania  was  held  in  the  Society  rooms,  Oliver  Building, 
Pittsburgh,  Tuesday,  January  21,  1913,  at  8:15  P.  M.,  President  Handy 
presiding,  73  members  and  visitors  being  present. 

The  minutes  of  the  last  annual  meeting  held  January  16th,  1912, 
were  read  and  approved. 

The  annual  report  of  the  Board  of  Direction  which  included  the 
reports  of  the  Standing  and  Special  Committees,  the  Sections  and  the 
Treasurer,  was  read  as  follows: 


REPORT  OF  THE  BOARD  OF  DIRECTION 


The  Board  of  Direction  of  the  Society  held  eleven  meetings  during 
the  past  year  at  which  the  routine  of  business  of  the  Society  was 
transacted. 

During  the  year  there  were  held  nine  regular,  two  special  and  the 
annual  meeting  of  the  Society.  The  average  attendance  was  98.  The 
average  number  participating  in  the  discussion  of  papers  was  eleven, 
the  maximum  attendance  was  208  and  the  minimum  40. 

At  the  close  of  the  year  the  membership  of  the  Society  was  as 


follows : 

Honorary  members  .  6 

Life  members  .  3 

Active  members  .  931 

Associates .  23 

J uniors  .  77 

Junior-Students  .  14 


Total  . 1054 

This  is  the  largest  membership  in  the  history  of  the  Society. 
During  the  vear  there  were: 

Resignations  .  47 

Removal  by  death  .  4 

Dropped  .  3 


Total  .  54 

Accessions  .  149 


1 


2 


PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 


REPORT  OF  HOUSE  COMMITTEE 

To  the  Board  of  Direction ,  Engineers’  Society  of  Western  Pennsyl¬ 
vania  : 

On  behalf  of  the  House  Committee  I  have  the  following  report 
to  present : 

The  office  equipment  of  the  Society  has  been  added  to  by  the 
purchase  of  a  desk,  letter  file  and  an  additional  typewriter,  the  latter 
being  necessitated  by  the  largely  increased  work  in  the  Secretary’s 
office. 

A  study  was  made  of  the  possibilities  of  securing  adequate  venti¬ 
lation  in  the  auditorium.  A  large  ventilation  register  was  placed  at 
the  rear  of  the  hall  close  to  the  ceiling,  thus  securing  direct  connection 
with  the  pent  house  on  the  roof.  This  device,  in  connection  with  the 
window  behind  the  lantern  screen,  has  successfully  solved  the  problem. 

During  the  year  the  auditorium  has  been  used  on  39  occasions,  22 
times  for  Society  meetings,  and  17  times  for  other  organizations. 

The  Society  rooms  have  been  open  every  Saturday  night  through¬ 
out  the  year. 

Respectfully  submitted, 

Wm.  E.  Mott,  Chairman. 


REPORT  OF  PUBLICATION  COMMITTEE 

To  the  Board  of  Direction ,  Engineers’  Society  of  Western  Pennsyl¬ 
vania  : 

During  the  past  year  the  Publication  Committee  has  followed  the 
established  policy  of  securing  papers  dealing  with  subjects  connected 
with  the  iron  and  steel  industries  whenever  possible.  The  interest 
shown  in  such  papers  seems  to  justify  the  continuation  of  this  prac¬ 
tice,  in  the  interests  of  a  very  large  proportion  of  our  membership. 
The  practice  has  also  been  continued  of  broadening  the  scope  of  the 
discussion  of  important  papers  by  sending  copies  in  advance,  to  in¬ 
terested  parties  here  and  in  other  cities,  inviting  written  discussion 
when  personal  attendance  is  not  possible.  This  has  produced  numerous 
interesting  and  important  additions  to  the  Proceedings  and  is  recom¬ 
mended  for  more  extended  use  in  the  future.  The  size  of  the  Proceed¬ 
ings  has  been  increased  and  therefore,  its  cost,  and  the  members  are 
urged  to  aid  the  Membership  Committee  in  increasing  the  membership 
so  that  no  finanical  difficulties  will  prevent  the  publication  of  the 
best  possible  journal  of  our  Society’s  activities. 

Respectfully  submitted, 

Alex.  L.  Hoerr,  Chairman. 
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REPORT  OF  THE  ENTERTAINMENT  COMMITTEE 

To  the  Board  of  Direction  of  the  Engineers'  Society  of  Western  Penn¬ 
sylvania  : 

The  Entertainment  Committee  presents  the  following  report: 

During  the  year  1912  six  inspection  trips  were  made  as  follows: 

On  March  30th  to  the  Carnegie  Institute  of  Technology,  Carnegie 
Library  and  Carnegie  Museum.  The  trip  was  a  very  interesting  one, 
and  the  attendance  was  about  80. 

On  May  18th  the  Society  visited  the  Works  of  the  Youngstown 
Sheet  &  Tube  Company,  Republic  Rubber  Company  and  the  Ohio 
Works  of  the  Carnegie  Steel  Company  in  Youngstown.  A  special 
over  the  P.  &  L.  E.  R.  R.  was  used.  In  the  morning  the  inspection 
party  divided  into  two  groups,  one  section  visiting  the  Works  of  the 
Youngstown  Sheet  &  Tube  Company,  and  the  other  section  being  con¬ 
veyed  by  special  street  cars  to  the  Works  of  the  Republic  Rubber 
Company.  At  noon  the  two  parties  joined  and  were  taken  by  special 
train  to  the  Ohio  Works,  where  they  were  entertained  at  luncheon 
by  the  officials  prior  to  the  inspection  of  the  plant.  The  attendance 
was  180. 

On  May  20th  we  visited  the  Mackintosh  Hemphill  &  Company 
Works,  where  a  three  cylinder  compound  direct  connected  reversing 
engine  was  inspected.  The  design  of  this  engine  presented  many 
features  of  special  interest.  The  attendance  was  about  150. 

On  October  26th  an  inspection  trip  to  Cleveland  was  arranged 
in  conjunction  with  the  Cleveland  Engineering  Society.  A  special 
train  over  the  P.  &  L.  E.  R.  R.  was  provided  for  the  members  of 
cur  Society.  In  the  morning  we  visited  the  Works  of  the  Sherwin- 
Williams  Company  going  from  there  to  the  rooms  of  the  Cleveland 
Engineering  Society  where  the  members  of  that  organization  enter¬ 
tained  us  at  luncheon.  Addresses  were  made  by  Dr.  John  A.  Brashear, 
President  A.  J.  Himes  of  the  Cleveland  Engineering  Society,  and 
President  James  O.  Handy  of  our  own  Society.  In  the  afternoon  the 
inspection  party  divided  into  two  groups  and  were  conveyed  by  special 
trains  over  the  Lake  Shore  Ry.,  one  party  visiting  the  Works  of  the 
Winton  Motor  Car  Company  and  the  Pennsylvania  Ore  Docks,  the 
other  party  visiting  the  Motor  Car  Works  of  the  White  Company,  and 
the  Power  Plant  of  the  Cleveland  Electric  Illuminating  Company. 
After  returning  from  these  inspection  trips  dinner  was  served  in  the 
small  banquet  hall  of  the  Hotel  Statler,  which  was  opened  that  week, 
where  we  were  joined  by  many  of  the  members  of  the  Cleveland  So¬ 
ciety.  The  trip  was  a  most  enjoyable  and  instructive  one,  and  it  was 
a  matter  of  regret  that  the  attendance  by  members  of  our  Society  was 
not  greater.  The  attendance  was  65. 

On  December  14th  we  visited  the  Mackintosh  Hemphill  &  Com¬ 
pany  Works  where  we  inspected  a  large  reversing  mill  engine  which 
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embraced  a  number  of  new  features  of  design  as  this  engine  differs 
somewhat  from  the  engine  inspected  by  the  Society  in  operation  at 
the  Duquesne  Steel  Works.  The  attendance  was  150. 

On  December  28th  we  visited  the  Works  of  the  Mesta  Machine 
Company  making  the  trip  by  special  train  over  the  Pennsylvania  R.  R. 
The  special  features  of  interest  in  addition  to  the  Works  themselves, 
were  large  reversing  mill  engine  and  a  direct  flow  steam  engine.  The 
attendance  was  about  250. 

On  November  16th  a  Smoker  was  held  in  the  Union  Club.  An 
orchestra  was  in  attendance  and  a  quartette  lead  the  singing  which  was 
joined  in  quite  generally  by  the  members  of  the  Society.  The  feature 
of  the  evening  was  a  delightfully  humorous  address  made  by  Mr. 
George  H.  Neilson  relating  to  many  of  the  experiences  of  those  who 
made  up  the  party  on  the  “Made-in-Pittsburgh”  special  train  sent 
out  by  the  Chamber  of  Commerce.  Refreshments  were  served  and  a 
number  of  stories  Avere  told  by  various  members  of  the  Society.  The 
attendance  was  340. 

The  Entertainment  Committee  is  iioav  engaged  in  arranging  for 
the  Annual  Banquet  of  the  Society  to  be  held  at  the  Hotel  Schenley 
on  January  27th.  The  speakers  will  be  Mr.  F.  Hopkinson  Smith  and 
Mr.  Charles  M.  Schwab.  Our  oavii  Dr.  John  A.  Brashear  is  to  be 
Toastmaster. 

It  is  believed  by  the  members  of  the  Committee  that  more  atten¬ 
tion  should  be  paid  to  the  social  features  of  our  Society,  and  Ave 
would  recommend  that  at  least  two  Smokers  be  green  by  the  Society 
every  year. 

Respectfully  submitted, 

A.  R.  Raymer,  Chairman. 


REPORT  OF  FINANCE  COMMITTEE 

To  the  Board  of  Direction,  Engineers’  Society  of  Western  Pennsyl¬ 
vania  : 

Your  Finance  Committee  has  made  monthly  audits  of  the  Secre¬ 
tary’s  financial  statements  and  are  pleased  to  report  that  the  books 
haATe  always  been  found  in  good  order  and  the  Society  is  continuing 
on  a  very  satisfactory  financial  footing. 

Respectfully  submitted, 

A.  Stucki,  Chairman. 
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REPORT  OF  MEMBERSHIP  COMMITTEE 

To  the  Board  of  Direction  of  the  Engineers’  Society  of  Western  Penn¬ 
sylvania  : 

The  Membership  Committee  desires  to  report  the  following:  ac¬ 
cessions  to  membership  in  the  Society  during  the  past  year: 


Active  members  .  109 

Associates  .  13 

Juniors  .  19 

Junior-Student  .  8 


Total  .  149 


The  Junior  membership  of  the  Society  now  numbers  77  and  it 
is  believed  that  this  grade  of  membership  should  be  increased  in  order 
to  extend  our  field  of  usefulness.  It  is  hoped  that  during  the  coming 
year  more  of  the  advanced  students  in  the  engineering  schools  of  the 
City  will  avail  themselves  of  the  privileges  of  the  Junior-Student 
grade  of  membership,  and  it  is  desired  to  bring  this  matter  particularly 
to  the  heads  of  the  Engineering  Departments  of  the  local  engineering 
schools  as  such  membership  in  the  Society  will  prove  of  great  benefit 
to  engineering  students. 

Respectfully  submitted, 

A.  N.  Diehl,  Chairman. 


REPORT  OF  TREASURER 

To  the  Board  of  Direction,  Engineers’  Society  of  Western  Pennsyl¬ 
vania  : 

Your  Treasurer  takes  pleasure  in  presenting  the  following  state¬ 
ment  of  the  finances  of  the  Society  for  the  year  ending  December  30th, 
1912: 


INVESTMENTS 
Building  Fund 

One,  $1000  Butler  Water  Company,  5  percent  bond,  No.  9. 

matures  September  2,  1931 . $1025  00 

Permanent  Fund 

Two,  $1000  Connellsville  Water  Company  5  percent  bonds, 

Nos.  317-318,  maturing  October  1,  i.930 .  2020  00 

Two,  $1000  Portsmouth,  Berkley  &  Suffolk  Water  Company  5 

percent  bonds,  Nos.  465-466,  maturing  November  1,  1944  2000  00 
One,  $1000  Manufacturers  Light  &  Heat,  6  percent  bond,  No. 

4266,  Series  K,  matures  May  1,  1914 .  1010  00 

Three,  $1000  Jones  &  Laughlin  Steel  Company  5  percent 

bonds,  Nos.  3020-3022,  maturing  May  1,  1931 .  2997  92 


•  • 

Total  nine  bonds  . $9052  92 
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RECEIPTS  EXPENDITURES 


Dues  1913  . 

$  52  00 

Administration  . . 

. ...$  4106  79 

1912  . 

,  7546  50 

Entertainment  .  .  . 

....  1473  31 

1911  . 

442  50 

House . 

. . . .  2773  27 

1910  . 

47  50 

Library  . 

79  40 

1909  . . 

20  00 

General  Society  . 

. . . .  671  08 

Entrance  Fees  . 

913  75 

Mechanical  Section  . .  169  33 

Proceedings  . 

2233  23 

Structural  Section 

125  15 

Banquet  . 

730  00 

Proceedings . 

. . . .  2461  96 

Rent  of  Auditorium  . , 

.  185  00 

Advertising  . 

. . . .  439  77 

Interest  . 

542  34 

Membership  List 

181  60 

Society  Pins  . 

87  60 

Miscellaneous  .  . . 

. . . .  129  00 

Sale  of  Cuts . 

63  32 

Smoker . 

238  26 

Miscellaneous  . 

87  65 

$13189  65 

$12610  66 

TOTAL 

ASSETS 

December  30, 1911  December  31, 1912 

Bonds  . 

$  9052  92 

$  9052  92 

Permanent  Fund 

1722  58 

1792  16  . 

Building  Fund  . 

552  59 

574  89 

General  Fund  . . 

2174  65 

2723  64 

$13502  74 

Increase  in  Assets  for  1912 

over  1911  . 

640  87 

$14143  61 

$14143  61 

Respectfully  submitted, 

A.  E.  Frost.  Treasurer * 


REPORT  OF  MECHANICAL  SECTION 

To  the  Board  of  Direction  of  the  Engineers’  Society  of  Western  Penn¬ 
sylvania  : 

Five  regular  meetings  of  the  Mechanical  Section  were  held  during 
the  year  1912  with  an  average  attendance  of  97,  the  maximum  attend¬ 
ance  was  140  at  the  April  meeting,  and  the  minimum  48  at  the  Feb¬ 
ruary  meeting.  The  average  attendance  for  the  five  meetings  held 
during  the  year  1911  was  85,  the  average  for  the  year  1912  therefore 
being  about  14  percent  larger.  The  interest  in  the  papers  presented  is 
also  indicated  by  the  fact  that  an  average  of  11  persons  participated 
in  the  discussions. 
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The  papers  presented  were  as  follows: 

February  meeting:  ‘‘Notes  on  the  Development  of  Engineering  Super¬ 
vision  of  Steel  Making  Plants”  by  Retiring  Chairman,  A.  L. 
Hoerr. 

April  meeting:  “Practical  Pyrometry  in  the  Iron  and  Steel  Industries” 
by  S.  H.  Stupakoff,  Engineer  and  Physicist  of  the  Stupakoff 
Laboratories. 

June  meeting:  “Compressing  Natural  Gas”  by  E.  D.  Leland,  Supt.  of 
Compressing  Station,  Philadelphia  Co. 

October  meeting:  “The  Purchase  of  Lubricating  Oil  by  Specification” 
by  A.  D.  Smith,  Supt.  Canfield  Oil  Co.,  Coraopolis,  Pa. 

December  meeting:  “Condensing  Practice”  by  A.  H.  Helander,  Vice 
President,  William  Tod  Company,  Youngstown,  Ohio. 

These  papers  were  selected  with  the  idea  of  presenting  subjects 
of  particular  interest  to  the  mechanical  engineers  in  the  Pittsburgh 
District.  The  adoption  of  this  policy,  which  was  recommended  some 
time  ago  by  the  Board  of  Direction,  has  been  fully  justified  during  the 
past  two  years  by  the  experience  of  the  Mechanical  Section,  the  in¬ 
creased  attendance  and  the  large  number  of  participants  in  the  dis¬ 
cussions  being  most  convincing  proof. 

Respectfully  submitted, 

W.  E.  Snyder,  Chairman. 


REPORT  OF  STRUCTURAL  SECTION 

To  the  Board  of  Direction  of  the  Engineers’  Society  of  Western  Penn¬ 
sylvania  : 

I  beg  to  submit  to  you  the  following  report  of  the  work  done 
by  the  Structural  Section  during  the  year  1012: 

Five  regular  meetings  were  held  and  at  each  of  these  meetings 
there  was  presented  a  paper.  The  papers  in  some  instances  were 
very  freely  discussed.  The  dates  of  the  meetings  and  the  papers  pre¬ 
sented  are  as  follows: 

January  2,  1912,  a  paper  entitled  “Historical  Notes  on  Metallic 
Beams  and  Girders”  was  presented  by  R.  B.  Woodworth,  Engineer, 
Carnegie  Steel  Company.  The  attendance  at  this  meeting  was  54  and 
the  number  entering  into  the  discussion  of  the  paper  was  three. 

On  March  3,  1012,  a  paper  entitled  “Recent  Practice  in  Reinforced 
Concrete  Bridge  Building  in  the  City  of  Pittsburgh”  was  presented 
by  John  A.  Ferguson,  Assistant  Engineer,  Bureau  of  Construction. 
The  attendance  at  this  meeting  was  107  and  the  number  entering  into 
the  discussion  of  the  paper  was  six. 

On  May  12,  1912,  a  paper  entitled  “Failures  of  Concrete  St  rue- 
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tures”  was  presented  by  Edward  Godfrey,  Structural  Engineer,  R.  W. 
Hunt  Company.  The  attendance  at  this  meeting  was  190  and  the 
number  entering  into  the  discussion  of  the  paper  was  eight. 

On  September  3rd,  a  paper  entitled  “The  Ohio  River  Highway 
Bridge  at  Sewickley”  was  presented  by  V.  R.  Coveil,  Deputy  County 
Engineer,  Allegheny  County.  The  attendance  at  this  meeting  was  G7 
and  the  number  entering  into  the  discussion  of  the  paper  was  eleven. 

On  November  5th  a  paper  entitled  “The  Construction  of  the  Mis¬ 
sion  Street  Pumping  Station7’  was  presented  by  Mr.  C.  0.  Daughaday, 
Division  Engineer,  Bureau  of  Water,  City  of  Pittsburgh.  The  attend¬ 
ance  at  this  meeting  was  55  and  the  number  entering  into  the  discus¬ 
sion  of  the  paper  was  five. 

The  average  attendance  during  the  year  was  95  and  the  average 
number  entering  into  discussion  of  the  papers  was  five. 

During  the  past  year  the  papers,  in  most  instances,  have  de¬ 
scribed  structures  and  details  of  their  construction,  which  your  Com¬ 
mittee  thought  advisable  after  last  year’s  papers  which  treated  very 
largely  upon  the  materials  of  construction. 

At  the  meeting  held  January  7,  1913,  the  following  officers  were 
selected  for  the  ensuing  year: 

Chairman ,  Edward  Godfrey. 

Vice  Chairman,  Chas.  G.  Schade. 

Directors,  Jno.  A.  Ferguson,  Louis  P.  Blum,  W.  M.  Kinney. 

Respectfully  submitted, 

T.  J.  Wilkerson,  Chairman. 


The  canvass  of  ballots  cast  in  the  annual  election  was  reported 
by  the  tellers,  Messrs.  G.  H.  Danforth,  S.  B.  Ely  and  W.  F.  Hall  as 


follows : 

President,  S.  P.  Grace  .  242 

Vice  President,  A.  R.  Ravmer  . ’ .  242 

Treasurer,  A.  E.  Frost  .  244 

Director,  E.  H.  Haslam  .  240 

Director,  W.  E.  Snyder  .  241 

Scattering  ballots  .  2 


These  gentlemen  were  thereupon  declared  elected. 

The  President-Elect,  Sergius  P.  Grace,  being  out  of  the  city  the 
senior  Vice  President,  Samuel  A.  Taylor,  took  the  chair. 

No  further  business  coming  before  the  Society  the  retiring  Presi¬ 
dent,  James  0.  Handy,  addressed  the  Society  on  “Recent  Progress  in 
Applied  Chemistry  and  in  Engineering.” 

The  meeting  adjourned  at  10 :50  P.  M. 

Elmer  K.  Hiles,  Secretary. 
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STRUCTURAL  SECTION 

The  Annual  Meeting  of  the  Structural  Section  of  t lie  Engineers’ 
Society  of  Western  Pennsylvania  was  held  in  the  Society  rooms,  Oliver 
Building,  Pittsburgh.  Tuesday,  January  7th,  1913  at  8:00  P.  M., 
Chairman  T.  J.  Wilkerson  presiding,  59  members  and  visitors  being 
present. 

The  minutes  of  the  last  annual  meeting  held  January  2,  1912  were 
read  and  approved,  and  the  Nominating  Committee  presented  the 
following  report : 

Chairman,  Edward  Godfrey 

Vice  Chairman,  Charles  G.  Schade 

fJolm  A.  Ferguson 
Directors,  ^  Louis  P.  Blum 

[Wm.  M.  Kinney. 

No  further  nominations  being  made,  the  Secretary  was  instructed 
to  east  a  unanimous  ballot  for  the  members  named,  who  were  there¬ 
upon  declared  elected. 

The  Chairman  appointed  R.  B.  Woodworth  to  escort  Chairman- 
elect  Godfrey  to  the  Chair,  who  addressed  the  Section  as  follows: 

“1  deem  it  a  great  honor  to  be  elected  to  this  position  and  I  wish 
to  thank  you  all.  1  do  not  feel  that  I  can  fill  this  position  nearly  as 
well  as  my  worthy  predecessor.  The  reason  for  this  is  partially  one 
of  temperament  and  partially  one  of  training.  By  reason  of  these 
two  forces,  I  have  been  given  to  see  and  to  look  for  the  imperfections 
of  structural  engineering. 

If  in  so  sordid  an  occupation  as  engineering,  one  can  have  a 
mission,  the  speaker  feels  that  his  mission  is  to  put  forth  a  propa¬ 
ganda  against  bad  designing  in  the  structural  field. 

There  is  no  doubt  many  who  believe  such  an  attitude  is  incom¬ 
patible  with  a  position  such  as  this,  that  leaders,  even  in  a  small  way. 
must  adhere  to  a  policy  of  Jaisez  faire. 

I  have  been  called  an  iconoclast,  a  destructive  critic,  the  man  who 
tears  down.  A  few  weeks  ago  an  engineering  journal  filled  thirty-one 
columns  of  a  single  issue  with  description  of  structural  wrecks  and 
their  effect.  These  were  not  accidents,  they  were  not  acts  of  God. 
They  were  acts  of  men,  the  results  of  blunders  in  design — blunders 
reaching  back  as  far  as  22  years  for  their  source,  but  all  capable  of 
detection  just  prior  to  the  calamities;  all  of  these  occurring  in  the 
space  of  a  few  days.  Is  it  not  time  for  an  iconoclast  with  the  zeal  of 
Elijah  to  come  and  break  down  the  idols  of  structural  engineering 
before  more  of  them  fall  down  on  the  heads  of  innocent  men,  or  pos¬ 
sibly  women  and  children. 

It  is  the  highest  kind  of  constructive  work  to  tear  down  that 
which  has  no  right  to  exist,  so  that  something  better  can  be  planted 
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in  its  place.  Hoav  would  the  modern  skyscraper  be  possible  if  it  were 
not  that  old  fire  traps  and  wornout  shacks  were  torn  down? 

I  make  this  inaugural  speech,  not  because  it  is  my  desire  or  in¬ 
tention  to  have  these  matters  discussed  in  the  meetings  of  the  Struc¬ 
tural  Section  for  the  coming  year,  but  simply,  because  these  things 
are  uppermost  in  my  mind,  and  I  like  to  get  men  thinking  along 
these  lines. 

There  is  much  that  is  right  and  proper  in  structural  engineering, 
and  on  these  subjects  many  profitable  evenings  can  be  spent.” 

There  being  no  further  business  the  Annual  Meeting  adjourned 
at  S.20  P.  M. 

The  regular  bi-monthly  meeting  of  the  Structural  Section  was 
called  to  order  at  8 :21  P.  M.,  Chairman  Godfrey  presiding,  59  mem¬ 
bers  and  visitors  being  present. 

The  minutes  of  the  meeting  held  November  7th  were  read  and 
approved. 

No  further  business  coming  before  the  Section,  the  address  of 
the  retiring  Chairman,  “A  Simple  Practical  Method  For  Determining 
Stresses  in  a  Hingeless  Elastic  Arch  Rib”  was  presented  by  T.  J. 
Wilkerson. 

The  ensuing  discussion  was  participated  in  by  Messrs.  J.  S.  Martin, 
J.  A.  Ferguson,  C.  N.  Haggart  and  T.  J.  Wilkerson. 

The  meeting  adjourned  at  10 :15  P.  M. 


Elmer  K.  Hiles,  Secretary. 


BOARD  OF  DIRECTION 


The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
rooms,  Oliver  Building,  Pittsburgh,  Monday,  January  13th,  1913  at 
4:10  P.  M.,  President  James  0.  Handy  presiding,  Messrs.  Morse, 
Raymer,  Stucki,  Duff,  Hawley,  Mott  and  the  Secretary  being  present. 

The  minutes  of  the  last  regular  meeting  held  December  9th,  1912 
were  read  and  approved. 

The  applications  of  the  following  gentlemen  having  been  regularly 
published  to  the  Society  pursuant  to  the  action  of  the  Board  on  De¬ 
cember  9th,  were  duly  elected  to  membership. 


ACTIVE 


Helander,  Ernest  Gustave 
Hill,  B.  Houston 
Holt,  Harris  D. 

Mesta,  Charles  Jacob 


Perrin,  Ren  Brown 
Ryman,  Frank 
Spangenberg,  Brewster  Ill 
Prentice,  Hugh 


Scofield,  H.  N. 
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JUNIOR 

Scharff,  Maurice  Ross. 


JUNIOR-STUDENT 

Stubnitz,  Maurice. 

Requests  for  reinstatement  to  membership  in  the  Society  were 
received  from  the  following  gentlemen : 

'Wendt,  Edward  F.,  joined  the  Society  April  1892,  resigned  De¬ 
cember,  1908. 

Sprecher,  Clay,  joined  the  Society  May,  1905,  resigned  April,. 

1907. 


Nesbit,  John  N.,  joined  the  Society  June,  1899,  resigned  1904. 
Their  names  were  ordered  replaced  on  the  Society  rolls. 

Applications  for  membership  in  the  Society  were  received  from 

the  following  gentlemen,  and  their  names  ordered  published  to  the- 

Societv : 

* 


Cherrington,  Geo.  Henry 
Hendrix,  Walter  Willits 
Johnson,  Chas.  W. 
Heichert,  H.  S. 


ACTIVE 

Rush,  R.  M. 
Jarvis,  W.  R. 
Early,  J.  C. 
Brewer,  Wm.  A. 


ASSOCIATES 

Hendrickson,  Henry  W.  Vance,  J.  H. 

JUNIOR 

Charles,  John  Scott  McIntyre,  Lewis  W. 

Finlay,  Paul  B.  Rector,  William  J.  R. 


JUNIOR-STUDENT 

Greenawald,  Herman  Lewis  Sleeman,  Earl  Carlton. 

The  report  of  the  Secretary  showing  the  financial  condition  of 
the  Society  at  the  close  of  business,  December  31st,  1912,  having  pre¬ 
viously  been  audited  by  the  Finance  Committee,  was  approved. 

The  meeting  adjourned  at  6:30  P.  M. 

Elmer  Iv.  Hiles,  Secretary. 
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REGULAR  MONTHLY  MEETING 

The  325th  regular  monthly  meeting  of  the  Engineers’  Society  of 
Western  Pennsylvania  was  held  in  the  Society  rooms,  Oliver  Build¬ 
ing,  Tuesday,  February  25th  at  8:15  P.  M.,  President  Samuel  A. 
Taylor  presiding,  180  members  and  visitors  being  present. 

The  minutes  of  the  last  regular  meeting  held  December  17th  were 
read  and  approved. 

The  Board  of  Direction  reported  the  election  of  eight  Active 
members,  two  Associates,  five  Juniors  and  one  Student- Junior ;  also 
the  receipt  of  eight  applications  for  Active  membership,  one  for  the 
Junior  and  one  for  the  Student-Junior  grade. 

The  following  letter  of  resignation  from  President  S.  P.  Grace  was 
read : 

Board  of  Direction,  February  10th,  1913. 

Engineers’  Society  of  Western  Penna., 

Dear  Sirs: 

Keenly  appreciative  of  the  honor  bestowed  upon  me  by  the 
members  of  our  Society,  it  is  with  deep  personal  regret  that  I  pre¬ 
sent  to  you  for  transmission  to  the  Society  my  resignation  as  Presi¬ 
dent.  This  is  necessitated  by  the  very  unexpected  change  of  ray  resi¬ 
dence  to  Philadelphia. 

I  had  looked  forward  to  another  year  of  service,  and  wish  to 
assure  you  of  the  feeling  of  loss  that  comes  to  me  in  being  deprived 
of  further  close  association  with  the  Society. 

With  best  wishes  for  the  future  of  the  organization  which  I  hope 
to  have  opportunity  to  further,  I  remain 

Very  sincerely  yours, 

S.  P.  GRACE, 

President. 

No  further  business  coming  before  the  Society,  the  paper  of  the 
evening  on  “The  Catskill  Aqueduct  of  New  York  City”  was  presented 
by  Dr.  James  F.  Kemp,  Professor  of  Geology,  Columbia  University. 

The  ensuing  discussion  was  participated  in  by  T.  S.  White,  Geo¬ 
logist  of  West  Virginia;  S.  A.  Taylor,  Consulting  Engr;  Richard 
Hirsch,  Mech.  Engr.,  H.  K.  Porter  Co.;  Martin  Hokanson,  Gen.  Mgr., 
Iron  City  Testing  Laboratory;  Wm.  A.  Bole,  Consulting  Engr..  West- 
inghouse  Machine  Co.;  Wm.  M.  Parkin,  Consulting  Engr.;  C.  D.  Mc¬ 
Arthur,  Chief  Engr.,  Blaw  Steel  Construction  Co. ;  W.  C.  Hawley, 
Chief  Engr.,  Penna.  Water  Co.;  Paul  S.  Whitman,  Engr.,  Riter-Con- 
lev  Mfg.  Co.,  and  Jas.  F.  Kemp. 

The  meeting  adjourned  at  10 :05  P.  M. 

Elmer  K.  Hiles, 

Secretary. 
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MECHANICAL  SECTION 

The  Annual  Meeting  of  the  Mechanical  Section  of  the  Engi¬ 
neers’  Society  of  Western  Pennsylvania  was  held  in  the  Society  rooms, 
Oliver  Building,  Pittsburgh,  Tuesday,  February  4th,  1913  at  8:15  P.  M., 
Chairman  W.  E.  Snyder  presiding,  88  members  and  visitors  being 
present. 

The  minutes  of  the  last  Annual  Meeting  held  February  26th,  1912 
were  read  and  approved. 

The  report  of  the  Nominating  Committee  was,  presented  as  fol¬ 
lows  : 

.  February  4th,  1913. 

To  the  Chairman  of  the  Mechanical  Section  of 

The  Engineers’  Society  of  Western  Pennsylvania. 

Your  Nominating  Committee  beg  to  make  the  following  report 
of  nominees  covering  the  several  offices  in  the  Section  for  the  year 
1913: 

Chairman  George  H.  Neilson 

Vice  Chairman  R.  S.  Feicht 

f  0.  P.  Hood 

Directors  -I  John  A.  Hunter 

(  W.  E.  Fohl 

Respectfully  submitted, 

E.  H.  Haslam 
Richard  Hirsch 
H.  C.  Cronemeyer 

On  motion  the  Secretary  was  requested  to  cast  a  unanimous  ballot 
on  the  gentlemen  nominated,  who  were  thereupon  elected. 

The  Chairman  appointed  Mr.  Wm.  A.  Bole  to  escort  Chairman- 
elect  Neilson  to  the  Chair. 

No  further  business  coming  before  the  Section  the  address  of  the 
retiring  Chairman  on  “The  Technical  Man  and  the  Steel  Works”  was 
presented  by  W.  E.  Snyder. 

The  meeting  adjourned  at  9 :45  P.  M. 

Elmer  K.  Hiles, 

Secretary. 


BOARD  OF  DIRECTION 

The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  Parlor  “D” 
of  the  Fort  Pitt  Hotel,  Pittsburgh,  Monday,  February  10th  at  8:00 
P.  M.  immediately  following  a  dinner  tendered  the  Board  by  Presi¬ 
dent  Grace,  who  presided  at  the  meeting,  Messrs.  Riddle,  Duff,  Taylor, 
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Hoerr,  Handy,  Raymer,  Frost,  Stucki,  Hawley,  Snyder,  and  the  Sec¬ 
retary  being  present. 

The  minutes  of  the  last  regular  meeting  held,  January  13th,  1913 
were  approved  as  read. 

The  applications  of  the  following  gentlemen  having  been  regularly 
published  to  the  Society  pursuant  to  the  action  of  the  Board  on  No¬ 
vember  11th  were  duly  elected  to  membership : 


ACTIVE 

Brewer,  William  A. 

Cherrington,  George  Henry 
Early,  Junius  Campbell 
Heichert,  Herman  S. 

Hendrickson,  Henry  W. 


Hendrix,  Walter  Willits 
Jarvis,  Wm.  Rice 
Johnson,  Charles  Wood 
Rush,  Ralph  McCartney 

ASSOCIATES 

Vance,  John  Henry 


JUNIOR 

Charles,  John  Scott  Mclntj’re,  Lewis  W. 

Findley,  Paul  B.  Rector,  Wm.  J.  R. 

Sleeman,  Earl  Carlton 


STUDENT-JUNIOR 
Greenwald,  Herman  Lewis 

Applications  for  membership  in  the  Society  were  received  from 
the  following  gentlemen  and  their  names  ordered  published  to  the 
Society : 

ACTIVE 


Hanauer,  Ralph  J. 
Hoopes,  William 
Hufschmidt,  Albert 
Martin,  Jas.  Stewart 


Newman,  Martin  F. 
Schaefer,  Frederic 
Spaulding,  Morril  B. 
Stewart,  John 


JUNIOR 

Dutney,  George  Valentine 


STUDENT-JUNIOR 
Svenson,  Robert  Henry 

There  was  some  discussion  on  the  subject  of  form  of  applica¬ 
tion  blank  and  letter  from  endorsers  for  applicants,  and  the  Presi¬ 
dent  was  requested  to  appoint  a  committee  to  examine  into  this  mat¬ 
ter  and  report. 

The  report  of  the  Secretary  showing  the  financial  condition  of  the 
Society  at  the  close  of  business  January  31st,  1913  having  previously 
been  audited  by  the  Finance  Committee,  was  approved. 

The  Secretary  retired  from  the  meeting  while  the  matter  of 
election  of  a  Secretary  for  the  ensuing  year  was  considered.  Elmer 
K.  Hiles  was  re-elected  Secretary. 

President  S.  P.  Grace  addressed  the  Board  presenting  his  resig¬ 
nation  as  President  of  the  Society,  which  action  he  felt  impelled  to 
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take  owing  to  the  fact  that  he  has  been  transferred  to  the  main  offices 
of  the  Pennsylvania  Telephone  &  Telegraph  Company  in  Phladelphia. 
Mr.  Grace’s  resignation,  which  follows  was  accepted  reluctantly  by  the 
Board  for  transmission  to  the  Society  and  Vice  President  Samuel  A. 
Taylor  took  the  chair. 

Board  of  Direction,  February  10th,  1913. 

Engineers’  Society  of  Western  Penna., 

Dear  Sirs: 

Keenly  appreciative  of  the  honor  bestowed  upon  me  by  the 
members  of  our  Society,  it  is  with  deep  personal  regret  that  I  present 
to  you  for  transmission  to  the  Society  my  resignation  as  President. 
This  is  necessitated  by  the  very  unexpected  change  of  my  residence 
to  Philadelphia. 

I  had  looked  forward  to  another  year  of  service,  and  wish  to 
assure  you  of  the  feeling  of  loss  that  comes  to  me  in  being  deprived 
of  further  close  association  with  the  Society. 

With  best  wishes  for  the  future  of  the  organization  which  I  hope 
to  have  opportunity  to  further,  I  remain 

Very  sincerely  yours, 

S.  P.  Grace, 

President. 

Under  the  By-Laws  it  was  ordered  that  Mr.  S.  A.  Taylor  be 
President  of  the  Society  for  the  ensuing  year.  It  was  ordered  that 
Mr.  A.  R.  Raymer  be  First  Vice-President  of  the  Society  for  the 
ensuing  year.  It  was  further  ordered  that  Mr.  A.  Stucki  be  Second 
Vice-President  of  the  Society  for  the  ensuing  year.  Mr.  George  H. 
Barbour  was  elected  a  member  of  the  Board  of  Direction  to  fill  Mr. 
Stucki’s  unexpired  term. 

The  Secretary  presented  a  letter  written  by  Mr.  N.  S.  Sprague 
after  conversation  with  the  Secretary  advising  of  the  Fourth  Annual 
meeting  of  the  Association  for  Standardizing  Paving  Sepcifications,  in 
Pittsburgh,  February  24th  to  28th  inclusive.  Mr.  Sprague  suggested 
that  the  Association  would  appreciate  an  invitation  from  the  Society 
extending  them  the  use  of  the  Society  rooms  during  their  stay  in 
Pittsburgh.  The  Secretary  was  requested  to  write  to  the  Secretary  of 
the  Association  extending  this  invitation. 

The  meeting  adjourned  at  10 :40  P.  M. 

Elmer  K.  Hiles, 

Secretary. 
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REGULAR  MONTHLY  MEETING 

The  326th  regular  monthly  meeting  of  the  Engineers’  Society  of 
Western  Pennsylvania  was  held  in  the  Society  rooms,  Oliver  Build¬ 
ing,  Tuesday,  March  18th  at  8:23  P.  M.,  Mr.  A.  L.  Hoe  it  presiding, 
89  members  and  visitors  being  present. 

The  minutes  of  the  last  regular  meeting  held  February  25th  were 
read  and  approved. 

The  Board  of  Direction  reported  the  election  of  eight  Active 
members,  one  Junior  and  one  Student- Junior ;  the  reinstatement  of  one 
former  member  to  the  Active  grade;  also  the  receipt  of  eleven  appli¬ 
cations  for  Active  membership,  and  seven  for  the  Associate  grade. 

No  further  business  coming  before  the  Society,  the  paper  of  the 
evening  on  “Electrical  Precipitation  of  Suspended  Particles”  was  pre¬ 
sented  bv  Linn  Bradley,  Engineer  of  the  Research  Corporation  of  New 

York. 

The  ensuing  discussion  was  participated  in  by  P.  B.  Findley, 
Erigi-.,  C.  D.  &  P.  T.  Co.;  W.  Trinks,  Professor  of  Mech.  Engineering, 
Carnegie  Institute  of  Technology;  0.  P.  Hood,  Chief  Mech.  Engr.,  L:. 
S.  Bureau  of  Mines;  A.  C.  Danks,  Chief  Gas  Engr.,  Edgar  Thomson 
Works,  Carnegie  Steel  Co.;  Bradley  Dewey,  Chief  of  Research  Labora¬ 
tory,  American  Sheet  &  Tin  Plate  Co.;  H.  C.  Porter,  Chemist,  U.  S. 
Bureau  of  Mines;  G.  A.  Hewlett,  Chief  Chemist,  U.  S.  Bureau  of  Mines; 
A.  T.  Kasley,  Engr.,  Westinghouse  Machine  Co.;  S.  B.  Flagg,  Engr., 
U.  S.  Bureau  of  Mines;  Elmer  K.  Hiles  and  Linn  Bradley. 

The  meeting  adjourned  at  9 :58  P.  M. 

Elmer  K.  Hiles, 

Secretary. 


STRUCTURAL  SECTION 

The  regular  bi-monthly  meeting  of  the  Structural  Section  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
rooms,  Oliver  Building,  Pittsburgh,  Tuesday  March  4th,  1913  at  8:24 
P.  M.,  Chairman  Edward  Godfrey  presiding,  37  members  and  visitors 
being  present. 

The  minutes  of  the  last  regular  meeting  held  January  7th  were 
read  and  approved. 

No  further  business  coming  before  the  Section,  the  paper  of  the 
evening  on  “The  Fireproof  Building:  Its  Advantages  and  Weaknesses” 
was  presented  by  H.  W.  Forster,  Chief  Engineer,  Independence  In¬ 
spection  Bureau,  Philadelphia. 

The  ensuing  discussion  was  participated  in  by  P.  B.  Findley, 
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Wm.  S.  McDowell,  L.  H.  Keim,  W.  M.  Kinney,  F.  C.  Schatz,  and 
H.  W.  Forster. 

It  was  moved  and  carried  that  a  vote  of  thanks  be  tendered  Mr. 
Forster  for  his  admirable  presentation  of  the  subject. 

The  meeting  adjourned  at  10 :25  P.  M. 

Elmer  K.  Hiles, 

Secretary. 


BOARD  OF  DIRECTION 


The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
rooms,  Oliver  Building,  Pittsburgh,  Monday,  March  10th,  1913  at  5:00 
P.  M.,  Vice-President  Raymer  presiding,  Messrs.  Haslam,  Hoerr,  Haw¬ 
ley,  Handy,  Duff,  Barbour  and  the  Secretary  being  present. 

The  minutes  of  the  last  regular  meeting  held  February  10th,  1913 
were  read  and  approved. 

The  applications  of  the  following  gentlemen  having  been  regu¬ 
larly  published  to  the  Society  pursuant  to  the  action  of  the  Board  on 
February  10th,  were  duly  elected  to  membership. 

ACTIVE 

.  Newman,  Martin  F. 

Schaefer,  Frederic 
Spaulding,  Morril  B. 

Stewart,  John 

JUNIOR 

Dutney,  George  Valentine 


Hanauer,  Ralph  J. 
Hoopes,  William 
Hufschmidt,  Albert 
Martin,  James  Stewart 


JUNIOR-STUDENT 

Svenson,  Robert  Henry 


A  request  for  reinstatement  to  membership  in  the  Society  was  re¬ 
ceived  from  William  M.  Parkin,  who  joined  the  Society  in  December, 
1903  and  resigned  in  March,  1907.  His  name  was  ordered  replaced 
on  the  Society  rolls. 

Applications  for  membership  were  received  from  the  following 
gentlemen  and  their  names  ordered  published  to  the  Society. 


ACTIVE 

Arthur,  Erie  Nelson 
Bakewell,  Donald  Campbell 
Bradt,  Eugene  Frank 
Brown,  Frederic  E. 

Connell,  Richard  G. 

Sortore,  Arthur 


Duclen,  Emil  Gustav 
Lyle,  Cornelius  Railey 
McCloy,  Walter  L. 
Mark,  Perry  Charles 
Rice,  George  S. 
Emerson 
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ASSOCIATE 


Hammond,  James  11. 
Harper,  Charles  Arthur 
Mueller,  Nathan 


Kitts,  William  Henry 
Rockstroh,  Frederick  W. 
Smith.  Oliver  Ledlie 


Walters,  Richard  0. 


The  Secretary  reported  the  death  of  Joseph  L.  Risacher  who 
joined  the  Society  in  June,  1910. 

The  report  of  the  Secretary  showing  the  financial  condition  of  the 
Society  at  the  close  of  business  February  28th.  1913  having  prev¬ 
iously  been  audited  by  the  Finance  Committee,  was  approved. 

The  Secretary  presented  a  letter  from  Linn  Bradley  of  the  Re¬ 
search  Corporation  who  is  to  present  a  paper  before  the  Society  on 
Tuesday  evening,  March  18th  requesting  that  a  Committee  from  the 
Society  be  selected  to  confer  with  him  for  the  purpose  of  discussing 
the  matter  of  equable  rates  based  upon  boiler  horsepower  for  the  in¬ 
stallation  of  precipitation  processes  for  the  abatement  of  smoke.  The 
matter  was  referred  to  the  Committee  on  Efficient  Smokeless  Combus¬ 
tion  of  Fuel  with  power  to  act. 

The  meeting  adjourned  at  6 :25  P.  M. 


Elmer  K.  Hiles 


Secretary. 
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REGULAR  MONTHLY  MEETING 

The  327th  regular  monthly  meeting  of  the  Engineers’  Society 
of  Western  Pennsylvania  was  held  in  the  Society  rooms,  Oliver  Build¬ 
ing,  Tuesday,  April  15th  at  8:15,  President  Samuel  A.  Taylor  pre¬ 
siding,  79  members  and  visitors  being  present. 

The  minutes  of  the  last  regular  meeting  held  March  18th  were 
read  and  approved. 

The  Board  of  Direction  reported  the  election  of  eleven  Active 
Members  and  six  Associates,  and  the  receipt  of  six  applications  for 
Active  membership,  one  for  the  Associate  and  four  for  the  Junior 
grade. 

No  further  business  coming  before  the  Society,  the  paper  of  the 
evening  on  “The  Pittsburgh  Subway  Problem”  was  presented  by  W.  G. 
Wilkins.  The  ensuing  discussion  was  participated  in  by  Messrs.  Emil 
Swensson;  J.  N.  Chester;  J.  W.  Todd;  Samuel  E.  Duff;  Lee  C.  Moore; 
N.  W.  Storer;  Edward  Godfrey;  C.  K.  Harvey;  W.  E.  Reed;  and  W. 
G.  Wilkins. 

The  meeting  adjourned  at  10 :45  P.  M. 

Elmer  K.  Hiles, 

Secretary. 


MECHANICAL  SECTION 

The  regular  bi-monthly  meeting  of  the  Mechanical  Section  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
rooms,  Oliver  Building,  Pittsburgh,  Tuesday,  April  1st  at  8:17  P.  M., 
Chairman  George  H.  Neilson  presiding,  101  members  and  visitors  being 
present. 

The  minutes  of  the  last  regular  meeting  held  December  3rd,  1912 
were  read  and  approved. 

No  further  business  coming  before  the  Section,  the  discussion  of 
the  evening  on  “The  Question  of  Specifications”  was  opened  by  T.  D. 
Lynch,  Research  Engineer,  Westinghouse  Electric  &  Mfg.  Company. 
Further  discussion  was  presented  by  J.  0.  Leech,  Inspection  Dept., 
Carnegie  Steel  Company;  J.  J.  Shuman,  Inspecting  Engr.,  Jones  & 
Laughlin  Steel  Co.;  Geo.  L.  Norris,  Metallurgical  Engr.,  American 
Vanadium  Co.;  F.  N.  Speller,  Metallurgical  Engr.,  National  Tube  Co.; 
Lieut.  C.  H.  Harrington,  U.  S.  Naval  Inspector  of  Hull  Materials; 
Henry  Gulick,  President,  Gulick-Henderson  Co.;  A.  E.  Crockett,  Gen. 
Mgr.,  Standard  Chain  Co.;  E.  F.  Kenney,  Metallurgical  Engr.,  Cam¬ 
bria  Steel  Co.;  and  Samuel  E.  Duff,  Consulting  Engr. 

The  meeting  adjourned  at  10:30  P.  M. 

Elmer  K.  Hiles, 

Secretary. 
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The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
rooms,  Oliver  Building,  Pittsburgh,  Monday,  April  7th,  1913  at  4:55 
P.  M.,  President  Taylor  presiding,  Messrs.  Raymer,  Snyder,  Hoerr, 
Duff,  Hawley,  Stucki,  Barbour  and  the  Secretary  being  present. 

The  minutes  of  the  last  regular  meeting  held  March  10th  were 
read  and  approved. 

The  applications  of  the  following  gentlemen  having  been  regu¬ 
larly  published  to  the  Society  pursuant  to  the  action  of  the  Board  on 
March  10th,  were  duly  elected  to  membership : 


Arthur,  Urie  Nelson 
Bakewell,  Donald  Campbell 
Bradt,  Eugene  Frank 
Brown,  Frederic  E. 

Connell,  Richard  G. 

Duden, 


ACTIVE 

Lyle.  Cornelius  Railey 
McCloy.  Walter  L. 

Mark,  Perry  Charles 
Rice,  George  S. 

Sortore,  Arthur  Emerson 
Emil  Gustav 


ASSOCIATE 

Hammond,  James  IT.  •  Rockstroh,  Frederick  W. 

Mueller,  Nathan  Smith,  Oliver  Ledlie 

Ritts,  William  Henry  Walters,  Richard  E. 

Applications  for  membership  were  received  from  the  following 
gentlemen,  and  their  names  ordered  published  to  the  Society: 

ACTIVE 

Jackson,  John  Price 
Luttrell,  James  Beecher 
Smith,  George  Sidney 

ASSOCIATE 

Garber,  J.  A. 

JUNIOR 

Grossman,  Marcus  Aurelius  Raisig,  Charles  Livingston 

Mclntire,  Thomas  Brown  Winton,  Lewis  Bennett 

The  report  of  the  Secretary  showing  the  financial  condition  of  the 
Society  at  the  close  of  business  March  31st,  having  previously  been 
audited  by  the  Finance  Committee,  was  approved. 

The  Special  Committee  composed  of  W.  C.  Hawley,  Chairman, 
Samuel  E.  Duff,  and  George  H.  Barbour  appointed  to  examine  into 
the  questions  in  connection  with  applications  for  membership  in  the 
Society,  the  form  of  blanks,  etc.,  made  a  progress  report  submitting 
recommendations  covering  changes  in  the  form  of  application  blank, 
and  letter  from  references  regarding  applicants  together  with  recom- 
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mendations  covering  suggested  changes  in  the  By-Laws  of  the  So¬ 
ciety  embracing  chiefly  the  addition  of  the  grade  of  Associate  Member, 
and  restatement  of  qualifications  for  the  several  grades  of  member¬ 
ship.  Copies  of  the  various  papers  were  submitted  and  the  matter 
was  laid  over  until  the  next  meeting  of  the  Board. 

Mr.  Samuel  E.  Duff  introduced  the  matter  of  the  hour  for  meet¬ 
ings  of  the  Board  of  Direction,  and  it  was  ordered  that  the  hour  be 
changed  to  4:00  instead  of  4:45  P.  M.,  and  on  request  of  the  Sec¬ 
retary  the  date  was  changed  to  Friday,  eleven  days  before  the  regular 
meeting  of  the  Society. 

The  meeting  adjourned  at  6:15  P.  M. 

Elmer  K.  Hiles, 

Secretary. 
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REGULAR  MONTHLY  MEETING 

The  328th  regular  monthly  meeting  of  the  Engineers’  Society  of 
Western  Pennsylvania  was  held  in  the  Lecture  Hall  of  the  Carnegie 
Library,  Wednesday,  May  21,  1913  at  8:15  P.  M.,  President  Samuel 
A.  Taylor,  presiding,  350  members  and  visitors  being  present. 

The  minutes  of  the  last  regular  meeting  held  April  15  were  read 
and  approved. 

The  Board  of  Direction  reported  the  election  of  six  Active  mem¬ 
bers,  one  Associate  and  four  Juniors,  and  the  receipt  of  eight  appli¬ 
cations  for  Active  membership,  one  for  the  Associate,  three  for  the 
Junior  and  two  for  the  Student- Junior  grade. 

No  further  business  coming  before  the  Society,  the  paper  of  the 
evening  on  “The  New  York  State  Barge  Canal”  was  presented  by 
John  A.  Bensel,  a  past  president  of  the  American  Society  of  Civil 
Engineers,  and  State  Engineer  for  New  York.  Mr.  Bensel,  whose 
paper  was  illustrated  by  moving  pictures  and  lantern  slides,  was 
tendered  a  vote  of  thanks  at  the  close  of  his  very’  interesting  paper. 

The  meeting  adjourned  at  10:00  P.  M. 

Elmer  K.  Hiles, 

Secret  an/. 


STRUCTURAL  SECTION 

The  regular  bi-monthly  meeting  of  the  Structural  Section  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
rooms,  Oliver  Building,  Tuesday,  May  6,  1913,  at  8:15  P.  M.,  Chair¬ 
man  Edward  Godfrey  presiding,  101  members  and  visitors  being 
present. 

The  minutes  of  the  last  regular  meeting  held  March  4  were  read 
and  approved. 

No  further  business  coming  before  the  Section  the  paper  of  the 
evening  on  “The  Historic  Failures  of  Engineering  Structures”,  was 
presented  by  Horace  R.  Thayer,  Assistant  Professor  of  Structural 
Design,  Carnegie  Institute  of  Technology’. 

The  ensuing  discussion  was  participated  in  by  Robert  A.  Cum¬ 
mings,  Consulting  Engr.,  Pittsburgh;  Samuel  E.  Duff,  Cons.  Engr., 
Pittsburgh;  Herman  Laub.  Cons.  Engr.,  Pittsburgh;  Edward  Godfrey. 
Structural  Engr.,  R.  W.  Hunt  &  Co.,  Pittsburgh;  C.  M.  Canady,  Engr., 
American  Bridge  Co.,  Ambridge,  Pa.;  Thomas  II.  Johnson,  Cons. 
Engr.,  Penna.  Lines,  Pittsburgh;  C.  N.  Haggart,  Cons.  Engr.,  Pitts¬ 
burgh;  T.  Sidney  White,  Vice  Pres.,  Penn  Bridge  Co..  Beaver  Falls. 
Pa.,  and  Horace  R.  Thayer. 

The  meeting  adjourned  at  10:48  P.  M. 

Elmer  K.  Hiles, 

Secretary 
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BOARD  OF  DIRECTION 


The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
rooms,  Oliver  Building,  Pittsburgh,  Friday,  May  9,  1913  at  4 :20  P.  M., 
President  Taylor  presiding,  Messrs.  Snyder,  Haslam,  Hoerr,  Hawley, 
Duff,  Barbour,  Handy  and  the  Secretary  being  present. 

The  minutes  of  the  last  regular  meeting  held  April  7  were  read 
and  approved. 

The  applications  of  the  following  gentlemen,  having  been  regularly 
published  to  the  Society  pursuant  to  the  action  of  the  Board  on 
April  7,  were  duly  elected  to  membership : 

ACTIVE 

Jackson,  John  Price 
Luttrell,  James  Beecher 
Smith,  George  Sidney 

ASSOCIATE 

Garber,  J.  A. 

JUNIOR 

Grossman,  Marcus  Aurelius  Raisig,  Charles  Livngston 

Mclntire,  Thomas  Brown  Winton,  Lewis  Bennett 

Applications  for  membershp  in  the  Society  were  received  from  the 
following  gentlemen,  and  their  names  ordered  published  to  the  Society: 

ACTIVE 

Egerman,  Max  Nauss,  George  Randolph 

Hooker,  Harry  Mix  Newton,  Guy  Doric 

Landgraf,  Frederick  Karl  Rapelye,  Harry  Andrew 

Littler,  Carl  W.  Talbot,  Kenneth  Hammet 

<  ASSOCIATE 

Wheelock,  Stillman  W. 

JUNIOR 

Bragg,  J.  Glenn  Bates,  Walter  Clark 

Dever,  Bernard  Joseph 

STUDENT  JUNIOR 

Cowen,  Edward  Sydney  Hatton,  Merle  Wilbur 

The  report  of  the  Secretary  showing  the  financial  condition  of 
the  Society  at  the  close  of  business  April  30,  having  previously  been 
audited  by  the  Finance  Committee,  was  approved. 

President  Taylor  read  a  letter  from  the  Secretary  of  the  Society 
urging  that  another  section  of  the  Society  be  formed.  The  Secretary 
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addressed  the  Board  on  the  subject  setting  forth  reasons  bearing  on 
the  expediency  of  forming  such  a  section.  After  discussion  the 
Secretary  was  authorized  to  take  the  necessary  steps  for  the  or¬ 
ganization  of  a  section  of  the  Society  to  be  known  as  the  Metallurgical 
and  Mining  Section. 

Committee  on  Revision  of  Application  Blanks,  etc. : 

To  the  Board  of  Direction, 

Engineers’  Society  of  Western  Pennsylvania. 

Your  Committee  appointed  to  revise  the  forms  of  application 
blanks,  etc.,  presents  the  following  papers  in  which  we  have  written 
the  changes  which  we  respectfully  recommend: 

Application  Blank 

Letter  from  References 

Letter  to  Members  of  the  Society  designed  to  be  sent  out  with 
papers  to  References. 

Revision  of  certain  portions  of  the  By-Laws  to  conform  to  the 
above  papers. 

The  various  questions  involved  have  been  given  careful  con¬ 
sideration  and  your  attention  is  particularly  called  to  the  accompany¬ 
ing  data  sheets  prepared  by  the  Secretary.  It  will  be  noted  that  the 
average  attendance  has  increased  steadily  which  is  also  true  with 
regard  to  the  number  of  members  and  the  Cash  Assets. 

The  number  of  pages  in  the  Proceedings  has  increased  50  percent 
in  the  last  five  years  and  under  the  terms  of  our  lease  the  rent  of 
the  Society’s  quarters  has  increased  and  it  is  believed  that  these  two 
facts  alone  warrant  an  increase  in  dues. 

Your  Committee  accordingly  recommends  the  adoption  of  this 
revised  form  of  Application  Blank  and  the  papers  accompanying  it, 
and  further  recommends  that  the  proposed  revision  of  the  By-Laws  be 
submitted  to  the  Society  for  adoption. 

It  is  also  recommended  that  a  letter  be  drawn  up  to  be  pre¬ 
sented  to  the  Society  with  the  ballot  on  the  proposed  change  in  By- 
Laws  setting  forth  th6  careful  examination  which  has  been  made  of  the 
questions  involved  and  embodying  portions  of  the  data  prepared  by 
the  Secretary  and  other  reasons  for  a  favorable  consideration  of  the 
matter.  (Signed)  W.  C.  Hawley,  Chairman,  Samuel  E.  Duff.  George 
H.  Barbour. 

After  discussion  the  report  was  approved,  and  the  Committee 
and  Secretary  requested  to  secure  signatures  to  the  amendments  to 
the  By-Laws  for  submission  to  the  Board  of  Direction  at  its  next 
meeting  in  accordance  with  the  requirements  for  amending  the  By- 
Laws  of  the  Society. 

The  meeting  adjourned  at  6:00  P.  M. 

Elmer  K.  Hiles, 

Secretary. 


BOOK  REVIEWS 

Smoley’s  Tables.  1911  Edition. 

Parallel  Tables  of  Logarithms  and  Squares 

The  principal  additional  matter  in  this  deservedly  popular  book 
consists  of  multiplication  tables  for  rivet  spacing,  the  usual  natural 
and  logarithmic  functions  of  angles  measured  in  degrees,  and  values 
of  circumferences,  areas,  squares,  cubes,  square  roots,  cube  roots,  and 
reciprocals.  The  high  standard  set  in  previous  editions  is  fully  main¬ 
tained  throughout. 

Horace  R.  Thayer 

Asst.  Prof.  Structural  Design. 
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REGULAR  MONTHLY  MEETING 

The  329th  regular  monthly  meeting  of  the  Engineers’  Society  of 
Western  Pennsylvania  was  held  in  the  Society  rooms,  Oliver  Building, 
Pittsburgh.  Tuesday,  June  17th,  1913  at  8:15  P.  M.,  President  Samuel 
A.  Taylor  presiding,  72  members  and  visitors  being  present. 

The  minutes  of  the  last  regular  meeting  held  May  21st  were  read 
and  approved.  , 

The  P>oard  of  Direction  reported  the  election  of  eight  Active  mem¬ 
bers,  one  Associate,  three  Juniors,  and  two  Student- Juniors,  and  the 
receipt  of  seven  applications  for  Active  membership,  one  Junior  and 
one  for  the  Student-Junior  grades. 

The  report  of  the  Board  of  Direction  on  the  proposed  amend¬ 
ments  to  the  By-Laws  was  read  by  George  H.  Barbour  of  the  Special 
Committee  of  the  Board  of  Direction  on  Revision  of  Application 
Blanks,  etc.  President  Taylor  announced  that  the  proposed  amend¬ 
ments  would  be  printed  and  referred  to  the  members  of  the  Society 
for  letter  ballot. 

The  matter  of  renewal  of  insurance  on  the  Society’s  quarters  at 
a  very  high  rate  was  presented  for  discussion.  Mr.  Thomas  H.  John¬ 
son  and  one  other  member  suggested  that  although  the  rate  was  sev¬ 
eral  times  that  which  is  ordinarily  paid  yet  they  hesitated  to  have 
the  Society  entirely  unprotected  by  fire  insurance.  The  matter  was 
then  referred  by  President  Taylor  to  the  Board  of  Direction  for  ac¬ 
tion. 

No  further  business  coming  before  the  Society,  the  paper  of  the 
evening  on  “Rolled  and  Forged  High  Manganese  Steel”  was  read  by 
W.  S.  Potter,  President  of  the  Alloy  Steel  Forging  Company  of 

Pittsburgh. 

The  ensuing  discussion  was  participated  in  by  George  H.  Neilson, 
Gen.  Mgr.,  Braeburn  Steel  Co.;  Samuel  A.  Taylor,  Consulting  Engr. ; 
Gustave  Neu,  Mr.  Aigeltinger,  and  W.  S.  Potter. 

The  meeting  adjourned  at  10:30  P.  M. 

Elmer  K.  Hiles, 

Secretary. 


MECHANICAL  SECTION 

The  regular  bi-monthly  meeting  of  the  Mechanical  Section  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  So¬ 
ciety  rooms,  Oliver  Building,  Pittsburgh,  Tuesday,  June  3rd  at  8 :15 
P.  M.,  Vice  Chairman  R.  S.  Feicht  presiding,  92  members  and  vistors 
being  present. 

The  minutes  of  the  last  regular  meeting  held  April  1st,  1913 
were  read  and  approved. 


30 


PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENN  A. 


No  further  business  coming  before  the  Section,  the  paper  of  the 
evening  on  “Refractories  in  Modern  Boiler  Plants’’  was  presented  by 
Kenneth  Seaver,  Chief  Engineer  of  the  Harbison- Walker  Refractories’* 
Company. 

The  ensuing  discussion  was  participated  in  by  A.  Y.  Bleininger, 
Ceramic  Chemist,  U.  S.  Bureau  of  Standards;  G.  G.  Coolidge,  District 
Sales  Mgr.,  Harbison- Walker  Refractories  Co.;  0.  H.  Bathgate,  Steam 
Engr.,  Westinghouse  Elec.  &  Mfg.  Co.;  S.  M.  Marshall,  Chief  Engineer, 
Cambria  Steel  Company,  Johnstown,  Pa.;  Geo.  R.  Folds,  Manager, 
H.  W.  Johns-Manville  Co.;  J.  B.  Shaw,  and  Kenneth  Seaver. 

The  meeting  adjourned  at  10 :12  P.  M. 

Elmer  K.  Hiles, 

Secretary. 


BOARD  OF  DIRECTION 


The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
rooms,  Oliver  Building,  Pittsburgh,  Friday,  June  6th,  1913  at  4:15 
P.  M.,  President  Taylor  presiding,  Messrs.  Raymer,  Handy,  Duff, 
Stucki,  Barbour,  Hoerr,  Frost  and  the  Secretary  being  present. 

The  minutes  of  the  last  regular  meeting  held  May  9th  were  read 
and  approved. 

The  applications  of  the  following  gentlemen  having  been  regularly 
published  to  the  Society  pursuant  to  the  action  of  the  Board  on  May 
9th,  were  duly  elected  to  membership : 


ACTIVE 

Egerman,  Max  Nauss,  George  Randolph 

Hooker,  Harry  Mix  Newton,  Guy  Doric 

Landgraf,  Frederick  Karl  Rapelye,  Harry  Andrew 
Littler,  Carl  W.  Talbot,  Kenneth  Hammet 


ASSOCIATE 


Wheelock,  Stillman  W. 
JUNIOR 

Bates,  Walter  Clark 
Bragg,  J.  Glenn - 


Dever,  Bernard  Joseph 
STUDENT-JUNIOR 
Cowen,  Edward  Sydney 
Hatton,  Merle  Wilbur 


Applications  for  membership  in  the  Society  were  received  from 
the  following  gentlemen,  and  their  names  ordered  published  to  the  So¬ 
ciety  : 

ACTIVE 

Davidson,  John  Moffatt  Schreck,  Hans  Leonard  Bernard 
Kennedy,  Hugh  Tanner,  Julius  Roy 

Oursler,  John  S.  Wadsworth,-  Dale  Thompson 

Phillips,  Frank  Reith 
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JUNIOR 

Frank,  Wm.  Klee 

STUDENT- JUNIOR 
Schneiders,  A.  Andrew 

The  report  of  the  Secretary  showing  the  financial  condition  of 
the  Society  at  the  close  of  business  May  31st,  having  previously  been 
audited  by  the  Finance  Committee,  was  approved. 

The  Finance  Committee  was  requested  to  present  recommenda¬ 
tions  as  to.  the  purchase  of  bonds  with  monies  in  the  permanent  fund, 
and  also  to  present  a  report  on  the  present  status  of  the  bonds  held 
by  the  Society  at  this  time. 

The  following  report  was  presented  by  the  Committee  on  engi¬ 
neering  Education : 

May  27th,  1913. 

To  the  President  and  Board  of  Direction, 

Engineers’  Society  of  Western  Pennsylvania. 

Gentlemen : 

The  Committee  appointed  by  President  Samuel  A.  Taylor,  under 
authority  of  the  following  resolution  passed  at  the  regular  meeting 
of  the  Society  held  November  19th,  1912. 

“Resolved  that  a  committee  of  five  members  of  the  Society  be 
appointed  by  the  President  to  be  known  as  the  ‘Commttee  on  En¬ 
gineering  Education/  whose  duty  it  shall  be  to  cooperate  with  the 
Engineering  schools  under  the  approval  of  the  Board  of  Direction,” 
beg  to  present  the  following  report : 

We  have  taken  up  and  carefully  considered  the  suggestion  made 
by  Dean  Leete,  of  the  Carnegie  Institute  of  Technology  that  an  an¬ 
nual  competition  be  arranged  for  the  solution  of  practical  problems 
in  engineering  design,  set  and  judged  by  members  of  our  Society, 
and  open  to  students  of  technical  institutions  of  collegiate  rank. 

In  order  to  determine  the  feasibility  of  such  proposed  coopera¬ 
tion  with  engineering  schools,  the  plan  was  tentatively  broached  to 
the  heads  of  the  engineering  departments  of  the  following  institu¬ 
tions  in  accordance  with  the  action  of  the  Board: 

Pennsylvania  State  College  • 

Ohio  State  University  • 

Lehigh  University 

Case  School  of  Applied  Science 

University  of  West  Virginia 

University  of  Pittsburgh 

Carnegie  Institute  of  Technology 

All  but  one  or  two  schools  gave  their  approval  to  the  plan  not¬ 
withstanding  the  probable  disturbance  of  the  established  curriculum 
by  the  introduction  of  such  competition. 
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In  view  of  this  favorable  consideration  by  the  schools,  your 
Committee  proceeded  to  work  out  the  details  for  the  competition  and 
we  accordingly  submit  the  attached  program  for  competitions  in  en¬ 
gineering  problems. 

We  respectfully  recommend  the  approval  of  this  program  by  the 
Board  of  Direction,  and  request  authority  to  proceed  immediately  so 
that  the  competition  may  be  inaugurated  at  once  and  taken  up  by  the 
several  schools  during  the  coming  school  year. 

Respectfully  submitted, 

A .  Kingsbu ry ,  C h a i r man, 

Samuel  E.  Duff 
A.  Stueki 
F.  N.  Speller 

COMPETITION  ON  ENGINEERING  PROBLEMS 

CONDUCTED  BY 

THE  ENGINEERS’  SOCIETY  OF  WESTERN  PENNSYLVANIA. 

The  Engineers’  Society  of  Western  Pennsylvania  through  the  Com¬ 
mittee  on  Engineering  Education,  offers  an  annual  competition  open  to 
students  in  technical  institutions  of  collegiate  rank. 

The  object  of  the  competition  is  to  promote  engineering  education,  and 
in  particular  to  cooperate  with  technical  institutions  in  developing  in  stu¬ 
dents  qualities  essential  to  successful  engineering  practice. 

The  competition  involves  the  solution  of  a  problem  set  and  judged 
by  representatives  of  the  Society.  Problems  relating  to  different  fields  of 
engineering  are  offered,  in  order  that  the  work  of  the  competition  may  be 
readily  coordinated  with  the  course  of  instruction  in  which  the  student  is 
registered. 

In  1913-14  three  problems  will  be  set,  one  each  in  the  fields  of  Civil. 
Electrical  and  Mechanical  Engineering. 

The  competition  will  be  conducted  under  the  following  regulations. 

1.  The  problems  will  be  sent  under  seal  to  the  Deans  of  the  Engi¬ 
neering  Schools  in  which  competing  students  are  registered.  The  problems 
will  be  mailed  October  15th,  but  are  not  to  be  given  to  students  until  the 
opening  of  the  Winter  term.  Solutions  must  be  in  the  hands  of  the  Sec¬ 
retary  of  the  Engineers’  Society  of  Western  Penssylvania  not  later  than 
May  1,  1914. 

2.  The  competition  shall  be  open  to  all  regular  students  in  either 
the  Junior  or  Senior  class  at  the  option  of  the  Faculty,  and  may  be  enter¬ 
ed  either  by  individuals,  or  by  two  men  working  together. 

In  order  that  a  candidate  may  be  eligible  for  an  award  not  less  than 
20  percent  of  the  students  registered  in  his  class  and  Department  must 
submit  solutions. 

3.  The  competition  shall  be  conducted  under  the  direction  of  the  En¬ 
gineering  Schools  in  which  the  contestants  are  registered. 

The  solutions  shall  represent  strictly  the  work  of  the  individual  con¬ 
testants  without  other  assistance  than  directions  concerning  printed  data 
and  such  general  discussion  as  shall  be  consistent  with  honorable  com¬ 
petition. 

An  explicit  statement  concerning  sources  of  information  and  general 
procedure  shall  accompany  each  solution. 

4.  Solutions  shall  be  numbered  and  shall  contain  no  other,  marks  of 
identification  of  the  institution  or  individual.  They  shall  conform  to  all 
the  specifications  accompanying  the  problems. 

5.  A  Certificate  of  Award  shall  be  given  in  each  of  the  fields  in  which 
the  problems  are  set,  and  such  number  of  mentions  as  the  merit  of  the 
solutions  and  the  number  of  competitors  shall  warrant. 

6.  The  solutions  shall  be  exhibited  in  the  rooms  of  the  Engineers’ 
Society  of  Western  Pennsylvania  and  that  solution  receiving  the  first  award 
in  each  field  shall  be  recommended  for  publication  in  the  Proceedings  of 
the  Society,  together  with  the  names  of  men  receiving  mentions. 
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The  report  of  the  Committee  on  Engineering  Education  was  ap¬ 
proved  and  the  Committee  authorized  to  put  the  program  as  out¬ 
lined  into  effect  with  the  cooperation  of  the  Secretary  of  the  Society. 

The  Secretary  presented  the  following  application  for  the  for¬ 
mation  of  a  Metallurgical  and  Mining  Section  of  the  Society: 


To  the  Board  of  Direction,  May  2(ith,  1913. 

Engineers’  Society  of  Western  Pennsylvania. 

Gentlemen : 


The  undersigned  members  of  the  Engineers’  Society  of  Western 
Pennsylvania  believing  that  the  objects  of  this  Society  can  be  ma¬ 
terially  furthered  by  the  formation  of  a  Metallurgical  &  Mining  Sec¬ 
tion  of  the  Society,  do  hereby  make  formal  application  for  the  for¬ 
mation  of  such  a  Section  as  provided  in  the  By-Laws  of  the  Society. 

Our  Society  exists  in  the  heart  of  the  greatest  bituminous  coal 
mines  of  the  country,  and  further  the  Pittsburgh  District  contains  a 
greater  number  of  works  particularly  interested  in  metallurgy  than 
any  similar  district  in  the  country,  and  it  is  believed  that  the  Society 
can  do  much  toward  filling  its  proper  position  in  this  community  by 
including  this  work  among  its  activities. 

We  sincerely  trust  that  the  formation  of  this  Section  will  meet 
with  your  approval  and  that  you  will  so  report  at  the  next  meeting 
of  the  Society.  Yours  very  truly, 


Frederick  G.  Clapp 
Kenneth  Seaver 

F.  N.  Speller 

G.  H.  Barbour 
Samuel  E.  Duff 
W.  A.  James 
A.  G.  McKenna 
Wm.  W.  Clark 

R.  W.  McCasland 

F.  R.  McGee 

O.  P.  Hood 

S.  A.  Davis 

J.  W.  Dougherty 
A.  W.  Patton 
Thos.  McDonald 
Sam’l  A.  Taylor 
F.  A.  McDonald 
Jesse  K.  Johnston 
Walter  Kennedy 
Thos.  E.  Hewitt 
Martin  Hokanson 
S.  M.  Kier 
/John  T.  Brown,  Jr. 
Elmer  K.  Hiles 
Roy  A.  Hunt 
E.  Kaufman 
Thomas  W.  Dawson 

H.  P.  Dowler 
Richard  R.  Hice 
A.  C.  Danks 


A.  C.  Beeson 
A.  F.  Allard 
.Jolm  W.  Boileau 
.Jas.  O.  Handy 
S.  M.  Marshall 
W.  E.  Fohl 
Frank  Garratt 
A.  N.  Diehl 
A.  .J.  Boynton 
M.  .J.  Dowling 
C.  E.  Augustine 
James  Brennan 
F.  L.  Arensberg 

F.  L.  Bishop 
Wm.  Alilen 
.John  Allison 
Alex.  Coulter 
Alliert  Ladd  Colby 
•James  Booth 
Geo.  L.  Norris 
Harry  W.  Myer 
Jesse  J.  Shuman 
George  Mesta 

R.  H.  Wilkinson,  Jr. 
Hugh  P.  Tiemann 

G.  S.  Page 
Henry  P.  Spilker 
E.  W.  Shinn 
Orville  C.  Skinner 
Geo.  W.  Vreeland 


W.  P.  Gleason 
Tlios.  Woods 
Samuel  G.  Stafford 
R.  H.  Stevens 
•J.  H.  James 

H.  C.  Ray 
C.  F.  W.  Rys 
K.  E.  Miller 
George  H.  Neilson 
•J.  M.  Sampson 
Adam  E.  Da  urn 
•1.  C.  Cromwell 
O.  E.  Gressly 
Frank  E.  Thompson 
MacGilvrav  Shiras 
C.  C.  Smith 
B.  J.  Ross 
Robert  Linton 
J.  H.  Nicholson 
J.  H.  Dickerson 
Geo.  L.  Miller 
Louis  N.  McDonald 
A.  M.  Gow 
Alfred  .1.  Diescher 
G.  W.  Hutchinson 
Geo.  K.  Smith 
Clarence  1’.  Linville 
Theodore  Tonnele 
Geo.  R.  Wood 


After  discussion  the  application  was  approved  and  I  Ik*  Secretary 
requested  to  report  to  the  Society  at  the  next  regular  meeting  their 
formal  approval  of  this  application  in  accordance  with  the  By-Laws  of 
the  Society. 
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The  Secretary  presented  a  request  for  amendments  to  the  By-Laws 
of  the  Society. 

After  discussion  the  following’  Committee,  W.  C.  Hawley,  Chair¬ 
man,  Samuel  E.  Duff,  and  Geo.  H.  Barbour  who  had  previously  been 
appointed  to  revise  the  form  of  application  blanks,  etc.,  was  requested 
to  prepare  a  statement  of  reasons  for  the  proposed  change  in  the  By- 
Laws  and  to  present  the  matter  at  the  next  meeting  of  the  Society. 

The  House  Committee  was  authorized  to  renew  the  insurance 
carried  on  the  Society’s  effects  in  such  an  amount  as  it  deemed  ad¬ 
visable. 

President  Taylor  presented  a  request  from  Mr.  W.  E.  Fohl, 
President  of  the  Coal  Mining  Institute  of  America  for  the  use  of  the 
Society’s  auditorium  on  June  17th  and  18th.  The  Secretary  stated 
that  the  regular  monthly  meeting  of  the  Society  falls  on  Tuesday 
evening,  June  17th  and  that  he  had  discussed  this  matter  with  Mr. 
Fohl  who  agreed  to  change  the  program  of  the  meeting  of  the  Coal 
Mining  Institute  so  as  to  avoid  conflict  with  the  meeting  of  the  So¬ 
ciety.  The  Secretary  was  authorized  to  make  the  necessary  arrange¬ 
ments  granting  the  Institute  the  use  of  the  rooms,  and  to  see  that  all 
necessary  requirements  with  regard  to  the  exhibition  of  moving  pic¬ 
tures  at  one  of  the  sessions  of  the  Institute  are  complied  with. 

The  meeting  adjourned  at  5  :35  P.  M. 

Elmer  K.  Hiles, 

Secretary. 
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REGULAR  MONTHLY  MEETING 


The  330th  regular  monthly  meeting  of  the  Engineers'  Society  of 
Western  Pennsylvania  was  held  in  the  Society  rooms,  Oliver  Build¬ 
ing,  Pittsburgh,  Tuesday,  September  30th,  at  8:1")  P.  M.,  President 
Samuel  A.  Taylor  presiding,  285  members  and  visitors  being  present. 

The  minutes  of  the  last  regular  meeting  held  June  17th  were  read 
and  approved. 

The  Board  of  Direction  reported  the  election  of  seven  Active 
members,  one  Junior  and  one  Student- Junior,  and  the  receipt  of  sev¬ 
enteen  applications  for  Active  membership,  one  Associate  Member, 
four  for  Junior  and  two  for  the  Student-Junior  grades,  and  the  rein¬ 
statement  of  two  former  members  to  membership  in  the  Society. 

The  report  of  the  ballot  on  the  Revision  of  the  By-Laws  of  the 
Society  was  read  there  being  186  yea  and  18  nay  votes. 

President  Taylor  appointed  the  following  members  of  the  So¬ 
ciety  to  act  as  the  Nominating  Committee  for  the  year  1014: 


Richard  Hirsch,  Chairman 


A.  L.  Hoerr 
W.  E.  Fohl 


W.  E.  Mott 


J.  K.  Lyons 


The  matter  of  organizing  a  new  section  to  be  known  as  the 
Metallurgical  and  Mining  Section  of  the  Engineers’  Society  of  Western 
Pennsylvania  was  presented  to  the  Society  for  action,  a  request  for 
the  organization  of  the  Section  signed  by  nearly  150  members  of  the 
Society  having  been  duly  approved  by  the  Board  of  Direction.  A 
motion  to  authorize  the  organization  of  this  Section  being  duly  seconded 
it  was  so  ordered  by  the  Society.  At  the  suggestion  of  the  Secretary 
with  common  consent,  President  Taylor  fixed  Tuesday,  October  28th, 
as  the  date  for  holding  the  organizing  meeting  of  the  Section,  at  whicn 
time  a  paper  on  “Sintering  Processes  for  Iron  Bearing  Materials”  will 
be  presented  before  the  Section  by  B.  G.  Klugh,  Field  Engineer  of  the 
American  Ore  Reclamation  Company. 

No  further  business  coming  before  the  Society,  the  paper  of  the 
evening  on  “The  Use  of  Pulverized  Coal  in  Metallurgical  Furnaces”  by 
James  Lord,  President  of  the  American  Iron  &  Steel  Mfg.  Company, 
Lebanon,  Pa.,  was  read  by  the  Secretary,  the  author  of  the  paper  not 
being  present  on  account  of  illness. 

Discussion  by  William  A.  Evans,  Manager,  Griscom-Russell  Com¬ 
pany,  Boston,  Mass.,  was  read  by  the  Secretary. 

The  ensuing  discussion  was  participated  in  by  H.  R.  Barnhursr, 
Engineer,  Fuller  Engineering  Company,  Allentown,  Pa.;  James  W. 
Rawlins,  Asst.  Supt.  of  Smelters,  Canadian  Copper  Company,  Copper 
Cliff,  Ontario;  E.  W.  Shinn,  Chief  Engineer,  Quigley  Furnace  & 
Foundry  Co.,  Springfield,  Mass.;  A.  S.  Mann,  Engineer,  General  Elec¬ 
tric  Company,  Schenectady,  N.  Y. ;  E.  D.  Barry,  Supt.,  Universal  Port¬ 
land  Cement  Co.,  Universal,  Pa.;  A.  W.  Raymond,  Engineer,  Raymond 
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Brothers  Impact  Pulverizer  Co.,  Chicago,  Ill.;  A.  Stucki,  Consulting 
Engineer,  Pittsburgh,  Pa.;  R.  C.  Warner,  Pittsburgh,  Pa.;  Elmer  K. 
Hiles,  Pittsburgh,  Pa.;  Samuel  A.  Taylor,  Consulting  Engr.,  Pitts¬ 
burgh,  Pa.;  and  Isaac  W.  Frank,  Pittsburgh,  Pa. 

The  meeting  adjourned  at  10 :50  P.  M. 

Elmer  K.  Hiles, 

Secretary. 


STRUCTURAL  SECTION 

The  regular  bi-monthly  meeting  of  the  Structural  Section  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
rooms,  Oliver  Building,  Tuesday,  September  9,  1913,  at  8:20  P.  M. ; 
Chairman  Edward  Godfrey  presiding,  57  members  and  visitors  being 
present. 

The  minutes  of  the  last  regular  meeting  held  May  6th,  were  read 
and  approved. 

No  further  business  coming  before  the  Section  the  paper  of  the 
evening  on  “Composition  Flooring”  was  presented  by  H.  M.  Hooker, 
District  Manager,  The  Marbleloid  Company. 

The  ensuing  discussion  was  participated  in  by  R.  R.  Shively, 
Mellon  Institute  of  Industrial  Research,  University  of  Pittsburgh ; 
Samuel  Jaros,  President,  The  Kompolite  Company,  New  York;  R.  W. 
Page,  President,  The  Marbleloid  Company,  New  York;  R.  M.  Trimble, 
Architect,  Pittsburgh;  A.  Stucki,  Cons.  Engineer,  Pittsburgh;  Mr. 
Jones;  Mr.  Shaw,  and  Elmer  K.  Hiles. 

The  meeting  adjourned  at  10:15  P.  M. 

Elmer  K.  Hiles, 

-  Secretary. 

BOARD  OF  DIRECTION 

The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
rooms,  Oliver  Building,  Pittsburgh,  Monday,  September  29th,  1913, 
at  4:15  P.  M.,  President  Taylor  presiding,  Messrs.  Hawley,  Snyder, 
Barbour,  Haslam,  Stucki,  Handy,  Hoerr,  and  the  Secretary  being 
present. 

The  minutes  of  the  last  regular  meeting  held  June  6th  were 
approved  without  reading. 

The  application  of  the  following  gentlemen  having  been  regularly 
published  to  the  Society  pursuant  to  the  action  of  the  Board  on  June 
6th,  were  duly  elected  to  membership. 

ACTIVE 

Davidson,  John  Moffatt  Phillips,  Frank  Reith 

Kennedy,  Hugh  Schreck,  Hans  Leonard  Bernard 

Oursler,  John  S.  Tanner,  Julius  Roy 

Wadsworth,  Dale  Thompson 
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JUNIOR 

Frank,  Wm.  Klee 

STUDENT- JUNIOR 
Schneider,  A.  Andrew 

Applications  for  membership  in  the  Society  were  received  from 
the  following  gentlemen,  and  their  names  ordered  published  to  the 
Society : 

ACTIVE 

Aff  elder,  Wm,  Lewis 


Brinker,  Harry  Louis 
Fiske,  Harold  Chamberlayne 
Flad,  Erie  Leighton 
Groat,  Benjamin  Feland 
Hall,  Robt.  Dawson  Morris 
Heppenstall,  Samuel  B. 
Hudson,  Leo 


Klepper,  Frank 
Kneeland,  Herbert  Durward 
Lauman,  Walter  Howarth 
Nesbit,  Edw.  Charles 
Paul,  James  W. 

Powell,  Ralph  C. 

Stanton,  Charles  Beecher 
Turnbull,  Thomas,  Jr. 


Woodman,  Forrest  E. 


ASSOCIATE  MEMBER 
Amsbary,  Don  Harlow 

junior 

Bannen,  Wm.  James  Saulters,  Geo.  Clifton 

Edwards,  Yere  Buckingham  Williams,  Charles  Frederick 


STUDENT- JUNIOR 

Duff,  Levi  Bird  Escoreal,  Andres  C. 

Requests  for  reinstatements  to  membership  in  the  Society  were 
received  from  the  following  gentlemen : 

John  McLeod,  Asst,  to  President,  Carnegie  Steel  Co.  Joined  the 
Society  March,  1897.  Resigned  January  13,  1908. 

Edwin  Van  Dausen  Johnston,  Engineer,  Alloy  Steel  Forging 
Companv.  Joined  the  Society  January,  1905.  Resigned  December 

31,  1909. 

Their  names  were  ordered  replaced  on  the  Society  rolls. 

The  report  of  the  Secretary  showing  the  financial  condition  of 
the  Society  at  the  close  of  business  Aug.  30th,  having  previously  been 
audited  by  the  Finance  Committee,  was  approved. 

The  following  report  was  read  by  the  Secretary : 


“Pittsburgh,  Pa.,  Sept.  29th,  1913. 

To  the  Board  of  Direction, 

Engineers’  Society  of  Western  Pennsylvania. 

Gentlemen : 

I  wish  to  report  the  following  result  of  the  ballot  on  the  revision 
of  the  By-Laws  of  the  Society: 
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Yea  .  186 

Nay . 18 

Total  Ballots  . 204 


Respectfully  submitted, 

(Signed)  Elmer  K.  Hiles,  Secretary/’ 

The  Secretary  read  a  report  from  Thomas  H.  Johnson  relative 
to  a  meeting  of  the  Advisory  Board  of  the  National  Conservation 
Congress  held  in  Washington,  D.  C.,  June  11th,  which  was  ordered 
received  and  filed. 

The  Secretary  read  an  invitation  extended  -to  the  officers  and 
members  of  the  Engineers’  Society  of  Western  Pennsylvania  to  at¬ 
tend  and  participate  in  the  Proceedngs  of  the  International  Engi¬ 
neering  Congress  to  be  held  in  connection  with  the  Panama-Pacific 
International  Exposition,  September  20th-20th,  1915,  in  San  Fran¬ 
cisco  extended  by 

The  American  Society  of  Civil  Engineers 

The  American  Institute  of  Mining  Engineers 

The  American  Society  of  Mechanical  Engineers 

The  American  Institute  of  Electrical  Engineers 

The  Society  of  Naval  Architects  and  Marine  Engineers 

The  Secretary  was  requested  to  acknowledge  receipt  of  this  in¬ 
vitation  in  the  usual  manner,  and  to  advise  them  as  to  what  way  the 
Society  will  be  able  to  assist  in  the  sending  out  of  literature  of  the 
Congress  in  accordance  with  their  request. 

The  Secretary  read  a  letter  from  the  Secretary  of  the  Fifth  Na¬ 
tional  Conservation  Congress  requesting  the  Society  to  appoint  dele¬ 
gates  to  the  meeting  of  the  Fifth  National  Conservation  Congress  to  be 
held  in  Washington,  D.  C.,  November  18th-19th-20th.  President  Tay¬ 
lor  was  requested  to  appoint  delegates. 

President  Taylor  advised  the  Board  that  an  invitation  to  the 
Society  was  on  the  way  to  appoint  delegates  to  the  coming  meeting 
of  the  American  Mining  Congress.  The  Board  requested  President 
Taylor  to  appoint  the  usual  number  of  delegates. 

Mr.  E.  H.  Haslam,  Chairman  of  the  Entertainment  Committee, 
advised  the  Board  that  the  Cleveland  Engineering  Society  were  con¬ 
templating  making  an  inspection  trip  to  Pittsburgh  repaying  the 
visit  that  the  Engineers’  Society  of  Western  Pennsylvania  made  to 
Cleveland  last  year.  After  discussion,  the  Secretary  was  requested 
to  suggest  to  the  Cleveland  Engineering  Society  to  endeavor  to  arrange 
this  inspection  for  Saturday,  November  1st,  instead  of  October  25th, 
in  view  of  the  fact  that  many  members  of  this  Society  would  be  away 
at  various  conventions  at  that  time. 

The  meeting  adjourned  at  5:45  P.  M. 

Elmer  K.  Hiles,  Secretary. 
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REGULAR  MONTHLY  MEETING 

The  331st  regular  monthly  meeting  of  the  Engineers’  Society  of 
Western  Pennsylvania  was  held  in  the  Society  rooms,  Oliver  Build¬ 
ing,  Pittsburgh,  Tuesday,  October  21st,  1913,  at  8:15  P.  M.,  Presi¬ 
dent  Samuel  A.  Taylor  presiding,  170  members  and  visitors  being 
present. 

The  minutes  of  the  last  regular  meeting  held  September  30th, 
1913,  were  read  and  approved. 

The  Board  of  Direction  reported  the  election  of  seventeen  Active 
members,  one  Associate  Member,  four  Juniors,  two  Student  Juniors; 
and  the  receipt  of  seven  applications  for  Active  membership,  one  for 
Associate  Member,  one  for  Associate  and  one  for  the  Student  Junior 
grades. 

No  further  business  coming  before  the  Society  the  paper  of  the 
evening  on  the  “Measurement  and  Calculation  of  the  Power  Required 
to  Roll  Steel”  was  presented  by  the  authors,  H.  C.  Siebert,  Steam 
Engineer,  and  Charles  Fitzgerald,  Jr.,  Asst.  Steam  Engineer,  Du- 
quesne  Works,  Carnegie  Steel  Company. 

After  present  presentation  of  the  paper  by  Mr.  Siebert,  the 
ensuing  discussion  was  participated  in  by:  Victor  E.  Edwards,  Vice- 
President,  The  Morgan  Constructon  Co.,  Worcester,  Mass.;  F.  G. 
Gasche,  Mech.  Engr.,  (In  absentia),  Illinois  Steel  Company,  S.  Chicago, 
Ill.;  F.  B.  Crosby,  Mill  Engr.,  Power  Dept.,  Gen.  Electric  Co., 
Schenectady,  N.  Y. ;  J.  W.  Sheperdson,  Asst.  Chf.  Engr.,  Cambria 
Steel  Co.,  Johnstown,  Pa.;  M.  F.  McConnell,  Supt.,  Mingo  Works, 
Carnegie  Steel  Co.,  Mingo  Junction,  0.;  W.  E.  Snyder,  Mech.  Engr., 
American  Steel  &  Wire  Co.,  Pittsburgh;  Wilfred  Sykes,  Mill  Engr., 
Power  Dept.,  Westinghouse  Elec.  &  Mfg.  Co.,  E.  Pittsburgh;  W.  C. 
Coryell,  Asst.  Prof.,  Steel  Works  Engineering,  Carnegie  Institute  of 
Technology,  Pittsburgh;  Karl  Nibecker,  Steam  Engr.,  Youngstown 
Sheet  &  Tube  Co.,  Youngstown,  0.;  J.  A.  Knesche,  Steam  Engr., 
Riverside  Works,  National  Tube  Co.,  Wheeling,  W.  Va. ;  W.  Trinks, 
Professor  Mechanical  Engineering,  Carnegie  Institute  of  Technology, 
Pittsburgh;  and  Charles  Fitzgerald,  Jr. 

The  meeting  adjourned  at  11 :05  P.  M„ 

Elmer  K.  Hiles, 

Secretary. 


MECHANICAL  SECTION 

The  regular  bi-monthly  meeting  of  the  Mechanical  Section  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
rooms,  Oliver  Building,  Pittsburgh,  Tuesday,  October  7th,  at  8:15 
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P.  M.,  Chairman  George  H.  Neilson  presiding,  95  members  and  vis¬ 
itors  being  present. 

The  minutes  of  the  last  regular  meeting,  held  June  3rd,  1913, 
were  read  and  approved. 

No  further  business  coming  before  the  Section,  the  papers  of 
the  evening  were  presented  as  follows:  “The  Decline  of  Oil  Wells 
and  Maintenance  of  Production”  by  L.  G.  Huntley,  Geological  En¬ 
gineer,  The  Associated  Geological  Engineers,  and  “The  Mud  and 
Fluid  Process  Applied  to  Dry  Hole  Cable  Drilling”  by  J.  A.  Pollard, 
Petroleum  Engineer,  U.  S.  Bureau  of  Mines. 

The  ensuing  discussion  was  participated  in  by:  G.  S.  Davidson, 
Pres.,  The  Gulf  Refining  Co.;  F.  G.  Clapp,  Geological  Engr.,  Pitts¬ 
burgh;  R.  G.  Griswold,  Chf.  Engr.,  The  J.  F.  Lucey  Co.,  Pittsburgh; 
G.  E.  Flanagan,  Mech.  Engr.,  Pittsburgh;  0.  P.  Hood,  Chf.  Mech. 
Engr.,  U.  S.  Bureau  of  Mines,  Pittsburgh;  Elmer  K.  Hiles,  Mech. 
Engr.,  Pittsburgh,  and  the  authors  L.  G.  Huntley  and  J.  A.  Pollard, 

The  meeting  adjourned  at  10 :45  P.  M. 

Elmer  K.  Hiles, 

Secretary. 


METALLURGICAL  AND  MINING  SECTION 

The  first  meeting  of  the  Metallurgical  and  Mining  Section  of 
the  Engineers’  Society  of  Western  Pennsylvania  was  held  in  the 
Society  rooms,  Oliver  Building,  Pittsburgh,  Tuesday  evening,  October 
28th,  1913,  at  8:25  P.  M.  This  being  the  first  meeting  of  the  Section 
as  yet  unorganized,  it  was  called  to  order  by  Secretary  Elmer  K.  Hiles, 
who  with  common  consent  called  Dr.  John  S.  Unger  to  the  chair. 
It  was  agreed  to  postpone  the  formal  organization  of  the  Section 
until  the  next  meeting. 

No  further  business  coming  before  the  Section,  Mr.  B.  G.  Klugh, 
Field  Engineer,  American  Ore  Reclamation  Company,  New  York,  pre¬ 
sented  the  paper  of  the  evening  on  “Sinterng  Processes  for  Iron  Bear¬ 
ing  Materials.” 

The  ensuing  discussion  was  participated  'in  by  N.  V.  Hansel, 
Consulting  Engr.,  Hamilton  &  Hansel,  New  York;  Dr.  K.  F.  Stahl, 
Supt,,  General  Chemical  Company  of  Penna.,  Pittsburgh;  John  S. 
Unger,  Manager,  Central  Research  Laboratory,  Carnegie  Steel  Co., 
Duquesne,  Pa.;  Wallace  G.  Imhoff,  Metallurgical  Engineer;  W.  A. 
Rowe,  Manager,  American  Blower  Co.,  Pittsburgh;  and  B.  G.  Klugh. 

The  meeting  adjourned  at  10 :35  P.  M. 

Elmer  K.  Hiles, 

Secretary’. 
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BOARD  OF  DIRECTION 


The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
rooms,  Oliver  Building,  Pittsburgh,  Tuesday,  October  14th,  1913,  at 
4:40  P.  M.,  Vice-President  Stucki  presiding,  Messrs.  Handy,  Hawley, 
Duff,  Hoerr,  Snyder,  Barbour,  and  the  Secretary  being  present. 

The  minutes  of  the  last  regular  meeting,  held  September  29th, 
were  read  and  approved. 

The  applications  of  the  following  gentlemen  having  been  regularly 
published  to  the  Society  pursuant  to  the  action  of  the  Board  on 
September  29th,  were  duly  elected  to  membership. 

ACTIVE 


Affelder,  Wm.  Lewis 
Brinker,  Harry  Louis 
Fiske,  Harold  Chamberlayne 
Flad,  Erie  Leighton 
Groat,  Benjamin  Feland 
Hall,  Robt.  Dawson  Norris 
Heppenstall,  Samuel  B. 

Hudson,  Leo 

Woodman,  Forrest  E. 

ASSOCIATE  MEMBER 

Amsbarry,  Don  Harlow 
JUNIOR 


Ivlepper,  Frank 
Kneeland,  Herbert  Durward 
Lauman,  Walt  her  Howarth 
Xesbit,  Edw.  Charles 
Paul,  James  W. 

Powell,  Ralph  C. 

Stanton,  Charles  Beecher 
Turnbull,  Thomas,  Jr. 


Bannen,  Wm.  James  Saulters,  Geo.  Clifton 

Edwards,  Vere  Buckingham  Williams,  Chas.  Frederick 

STUDENT  JUNIOR 

Duff,  Levi  Bird  Escoreal,  Andres  C. 

Applications  for  membership  in  the  Society  were  received  from 
the  following  gentlemen,  and  their  names  ordered  published  to  the 
Society. 


ACTIVE 

Albert,  John  Seaman  Griswald,  Robert  G. 

Chalfant,  Frederick  Bernard  Hunt,  A.  R. 

Edward,  Edw.  Tudor  McConnell,  Malcolm  F. 

Fitzgerald,  Charles,  Jr. 

ASSOCIATE  MEMBER 

Stephenson,  Bertram  Shearer 

ASSOCIATE 

Clow,  James  C. 

STUDENT  JUNIOR 

McKnight,  Charles  Jr. 

The  report  of  the  Secretary  showing  the  financial  condition  of  the 
Society  at  the  close  of  business  September  30th,  having  previously 
been  audited  by  the  Finance  Committee,  was  approved. 

The  meeting  adjourned  at  5:40  P.  M. 

Elmer  K.  Hides,  Secretary. 
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REGULAR  MONTHLY  MEETING 

The  332nd  regular  monthly  meeting  of  the  Engineers’  Society  of 
Western  Pennsylvania  was  held  in  the  Society  rooms,  Oliver  Build¬ 
ing,  Pittsburgh,  Tuesday,  November  18th,  at  8:15  P.  M.,  President 
Samuel  A.  Taylor,  presiding,  284  members  and  visitors  being  present. 

It  was  moved  and  carried  that  the  reading  of  the  minutes  be 
dispensed  with. 

President  Taylor  then  introduced  Dr.  John  A.  Brashear,  Hon¬ 
orary  Member  of  the  Society,  who  delivered  the  address  of  the  even¬ 
ing  on  “Color  in  its  Relation  to  the  Beauties  of  Nature.” 

Uncle  John  held  the  members  of  the  Society  breathless  with  his 
wonderously  beautiful  descriptions  and  his  simple  presentation  of  the 
underlying  scientific  experiments  covering  color  and  light. 

At  the  close  of  the  lecture,  with  the  assistance  of  Prof.  Hower, 
of  the  Carnegie  Institute  of  Technology,  Dr.  Brashear  showed  some 
very  beautiful  experiments  in  connection  with  light  and  color. 

The  meeting  adjourned  at  10:15  P.  M. 

Elmer  K.  Hiles, 

Secretary. 


STRUCTURAL  SECTION 

The  regular  bi-monthly  meeting  of  the  Structural  Section  of 
the  Engineers’  Society  of  Western  Pennsylvania  was  lield  in  the 
Society  rooms,  Oliver  Building,  Tuesday,  November  4th,  1913,  at 
8:25  P.  M.,  Chairman  Edward  Godfrey  presiding,  38  members  and 
visitors  being  present. 

The  minutes  of  the  last  regular  meeting  held  September  9th,  were 
read  and  approved. 

The  Chairman  announced  the  appointment  of  the  Nominating 
Committee  to  suggest  officers  for  the  year  1914,  as  follows: 

Samuel  E.  Duff,  Chairman 
Harry  J.  Lewis 
E.  W.  Pittman. 

No  further  business  coming  before  the  Section  the  paper  of  the 
evening  on  “The  Design  of  Linings  for  Mine  Shafts”  was  presented 
by  William  Archie  Weldin,  Assistant  Chief  Engineer,  Pittsburgh- 
Buffalo  Company. 

The  ensuing  discussion  was  participated  in  by  R.  C.  Johnson, 
Engr.,  Dravo-Contracting  Co.,  Pittsburgh;  F.  A.  McDonald,  Chief 
Engr.,  National  Mining  Co.,  Pittsburgh;  Harry  J.  Lewis,  Consulting 
Engr.,  Pittsburgh;  W.  M.  Judd,  Civil  Engr./ W.  G.  Wilkins  Com- 
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pany,  Pittsburgh;  Chester  B.  Albree,  President,  C.  B.  Albree  Iron 
Works  Co.,  Pittsburgh;  John  M.  Davidson,  Chief  Civil  Engr.,  Ameri¬ 
can  Sheet  &  Tin  Plate  Co.,  Pittsburgh,  and  W.  A.  Weldin. 

The  meeting  adjourned  at  10 :35  P.  M. 

Elmer  K.  Hiles, 

Secretary. 


BOARD  OF  DIRECTION 

The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
rooms,  Oliver  Building,  Pittsburgh,  Friday,  November  7,  1913,  at 
4:10  P.  M.,  President  Samuel  A.  Taylor  presiding,  Messrs.  Raymer, 
Hawley,  Duff,  Haslam,  Stucki,  Barbour,  Hoerr,  and  the  Secretary 
being  present. 

The  minutes  of  the  last  regular  meeting  held  October  14th,  were 
read  and  approved. 

The  applications  of  the  following  gentlemen  having  been  regularly 
published  to  the  Society  pursuant  to  the  action  of  the  Board  on 
October  14th,  were  duly  elected  to  membership. 

ACTIVE 

Albert,  John  Seaman  Griswold,  Robert  G. 

Chalfant,  Frederick  Bernard  Hunt,  A.  R. 

Edwards,  Edward  Tudor  McConnell,  Malcolm  Findley 

Fitzgerald,  Charles,  Jr. 

ASSOCIATE  MEMBER 
Stephenson,  Bertram  Shearer 

ASSOCIATE 

Clow,  James  C. 

STUDENT  JUNIOR 

McKnight,  Charles,  Jr. 

Applications  for  membership  in  the  Society  were  received  from 
the  following  gentlemen,  and  their  names  ordered  published  to  the 
Society. 

ACTIVE 

Bigelow,  Chester  Walton  Miller,  Samuel  Leslie 

Emley,  Warren  E.  Rowe,  William  A. 

Gudmunsson,  Gisli  Wilson,  George,  Jr. 

The  report  of  the  Nominating  Committee  was  presented  as  fol¬ 
lows  : 
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Pittsburgh,  November  5,  1913. 

To  the  Board  of  Direction, 

Engineers’  Society  of  Western  Pennsylvania. 

Dear  Sirs: 

We  beg  to  submit  the  following  unanimous  report  covering  nomi¬ 
nations  for  the  several  offices  in  the  Society  to  be  filled  at  this  time. 


President . Albert  R.  Ramyer 

Vice  President  (2  years) . Samuel  E.  Duff 

Treasurer . A.  E.  Frost 


Directors  (2  years) 


j  George  H.  Neilson 
{  Fred  Crabtree 


Respectfully  submitted 

Nominating  Committee 

Richard  Hirsch,  Chairman 
Alex.  L.  Hoerr 
William  E.  Mott 
William  E.  Fohl 
James  K.  Lyons 


The  report  of  the  Secretary  showing  the  Financial  condition  of 
the  Society  at  the  close  of  business  October  31st,  having  previously 
been  audited  by  the  Finance  Committee,  was  approved. 

The  meeting  adjourned  at  4:25  P.  M. 

Elmer  K.  Hiles, 

Secretary. 
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REGULAR  MONTHLY  MEETING 

The  333rd  regular  monthly  meeting  of  the  Engineers’  Society  of 
Western  Pennsylvania  was  held  in  the  Society  rooms,  Oliver  Building, 
Pittsburgh,  Tuesday,  December  Kith,  1013,  at  8:15  P.  M.,  President 
Samuel  A.  Taylor  presiding,  190  members  and  visitors  being  present. 

It  was  moved  and  carried  that  the  reading  of  the  minutes  be  dis¬ 
pensed  with. 

No  further  business  coming  before  the  Society  the  papers  of  the 
evening  were  presented  as  follows: 

“The  Measurement  of  the  Velocity  of  Flowing  Water”  by  Lewis  F. 
Moody,  Professor  of  Hydraulic  Engineering,  Rensselaer  Polytechnic 
Institute,  and  Consulting  Engineer,  Hydraulic  Department,  T.  P.  Morris 
&  Co.,  Philadelphia;  and  “The  Pitot  Tube,  Formulas,  Facts  and 
Fallacies”  by  Benjamin  Feland  Groat,  Hydraulic  Engineer,  Aluminum 
Company  of  America,  Pittsburgh. 

The  ensuing  discussion  was  participated  in  by  Gardner  S.  Wil¬ 
liams,  Consulting  Engr.,  Ann  Arbor,  Mich. ;  W.  M.  White,  Chief 
Hydraulic  Engineer,  Allis-Chalmers  Co.*  Milwaukee,  Wis. ;  Edward  S. 
Cole,  Hydraulic  Engineer  and  Gen.  Mgr.,  The  Pitometer  Company, 
New  York;  N.  C.  Grover,  Chief  Hydraulic  Engineer,  U.  S.  Geological 
Survey,  Washington,  D.  C.;  Col.  Thos.  P.  Roberts,  U.  S.  Engineers’ 
Office,  Pittsburgh. 

The  meeting  adjourned  at  11 :30  P.>  M. 

Elmer  K.  Hiles, 

Secretary. 


MECHANICAL  SECTION 

The  regular  bi-monthly  meeting  of  the  Mechanical  Section  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
rooms,  Oliver  Building,  Pittsburgh,  Tuesday*  December  2nd,  1013,  at 
8:15  P.  M.,  Chairman  George  H.  Neilson  presiding,  74  members  and 
visitors  being  present. 

The  minutes  of  the  last  regular  meeting  held  October  7th,  were  read 
and  approved. 

No  further  business  coming  before  the  Section,  the  paper  of  the 
evening  on  the  “Selection  of  Electric  Motors — Minimum  Maintenance 
and  Repairs”  was  presented  by  James  Dixon,  Construction  Engineer, 
Crocker-Wheeler  Company,  Ampere,  N.  J. 

The  ensuing  discussion  was  participated  in  by  F.  C.  Cummings; 
A.  G.  Ahrens,  Engr.,  Westinghouse  Elec.  &  Mfg.  Co.,  E.  Pittsburgh; 

J.  M.  Hippie*  Engr.,  Westinghouse  Elec.  &  Mfg.  Co.,  E.  Pittsburgh; 

A.  C.  Lanier,  Engr.,  Westinghouse  Elec.  &  Mfg.  Co.;  C.  J.  Mundo, 
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Engr.,  General  Elec.  Co.,  Pittsburgh;  Ludwig  Hommel,  Elec’l  Engr. ; 
B.  W.  Gilson,  Elec’l  Engr.,  Ohio  Works,  Carnegie  Steel  Co.;  W.  F. 
Detweiler,  and  James  Dixon. 

The  meeting  adjourned  at  10 :1()  P.  M. 


Elmer  K.  Hiles, 

Secretary. 


BOARD  OF  DIRECTION 

The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers’  Society  of  Western  Pennsylvania,  was  held  in  the  Society 
rooms,  Oliver  Building,  Friday,  December  5th,  at  4:15  P.  M.,  President 
Samuel  A.  Taylor,  presiding,  Messrs.  Raymer,  Hawley,  Stucki,  Hoerr, 
Duff,  Barbour  and  the  Secretary  being  jM'esent. 

The  minutes  of  the  last  regular  meeting,  held  November  7tli,  were 
read  and  approved. 

The  applications  of  the  following  gentlemen  having  been  regularly 
published  to  the  Society  pursuant  to  the  action  of  the  Board  on  No¬ 
vember  7th,  were  duly  elected  to  membershty. 

MEMBER 

Bigelow,  Chester  Walton  Miller,  Samuel  Leslie 

Emley,  Warren  E.  Rowe,  William  A. 

Gudmunsson,  Gisli  .  Wilson,  George,  Jr. 

Applications  for  membership  in  the  Society  were  received  from  the 
following  gentlemen,  and  their  names  ordered  published  to  the  Society. 

MEMBER 

Arthur,  Guy  Browning  Hardy,  George 

Douglas,  Robert  M.  Lombard,  Eugene 

Gerwig,  Homer  Christian  McConway,  William,  Jr. 

Smith,  Hubert  Paul 

ASSOCIATE  MEMBER 

Nason,  J.  R. 

ASSOCIATE 

Schley,  Charles  Swan,  John  W.  H. 

JUNIOR 

Van  Email,  Kenneth  Walter 

A  request  for  reinstatement  in  the  Society  was  received  from 
George  0.  Loeffler,  Metallurgist,  Carbon  Steel  Company,  who  joined  the 
Society  April,  1892,  and  resigned  February  11th,  1910.  His  name  was 
ordered  replaced  on  the  Society  rolls. 

The  report  of  the  Secretary  showing  the  financial  condition  of  the 
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Society  at  the  close  of  business,  November  30th,  having  previously 
been  audited  by  the  Finance  Committee,  was  approved. 

In  accordance  with  the  By-Laws,  the  Board  gave  their  final  ap¬ 
proval  of  the  nomination  for  1914. 

The  Secretary  read  a  letter  from  Bradley  Stoughton,  Secretary 
of  the  American  Institute  of  Mining  Engineers,  requesting  cooperation 
in  the  formation  of  a  Committee  to  be  fonned  of  the  Secretaries  of  the 
various  scientific  and  technical  Societies,  which  Committee  is  to  ar¬ 
range  as  far  as  possible  for  avoiding  conflict  of  the  dates  of  meetings 
of  the  various  Societies.  After  discussion,  the  Secretary  was  author¬ 
ized  to  cooperate  with  this  movement,  and  to  attend  such  meetings  as 
seem  desirable. 

The  meeting  adjourned  at  5 :17  P.  M. 

Elmer  K.  Hiles, 

Secretary. 
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BOOK  REVIEWS 


Chemical  German  :  An  introduction  to  the  Study  of  German  Chem¬ 
ical  Literature.  Including'  rules  of  nomenclature,  exercises  for 
practice,  and  a  collection  of  extracts  from  the  writings  of  German 
chemists  and  other  scientists,  and  a  vocabulary  of  German  chemical 
and  other  terms  used  in  technical  literature.  By  Francis  C.  Phil¬ 
lips,  Professor  of  Chemistry  in  the  University  of  Pittsburgh. 

The  purpose  of  this  book  is  to  provide  students  in  chemistry  with 
a  course  in  German  which  would  serve  as  an  aid  in  reading  German 
chemical  literature.  This  requires,  not  only  a  special  technical  vocabu¬ 
lary,  which  the  author  provides,  but  also  well-selected  examples  of  the 
various  literary  styles  of  the  more  eminent  German  chemists. 

The  author  is  himself  an  expert  in  the  field  of  organic  chemistry 
and  not  only  studied  in  Germany,  but  has  kept  up  his  connection  with 
scientific  German  literature.  He  is  accordingly  well  qualified  to  pre¬ 
pare  a  text-book  on  “Chemical  German”  and  has  evidently  prepared 
a  book  which  will  be  of  great  service,  not  only  to  students  of  chemistry, 
but  to  those  engaged  in  the  practice  of  the  profession. — J.  0.  H. 


“Diagram  Giving  Stresses  in  Beams”  by  Prof.  Horace  P.  Thayer: 

This  is  a  diagram  giving  the  design  of  rectangular  homogeneous 
beams,  of  I  beams,  channels,  and  a  number  of  built  girders  for  given 
loads  and  unit  stresses  or  moments  and  stresses  or  the  section  modulus 
required  by  assumptions  of  uniform  loads  and  stresses  and  conversely 
the  unit  bending  stresses  caused  in  a  beam  by  given  loads  or  moments. 

Those  Engineers  to  whom  a  diagramatic  method  of  carrying  out 
their  calculations  will  find  this  diagram  a  useful  addition  to  their  note 
books  very  handily  and  quickly  referred  to. 

It  gives  section  modulii  for  spans  from  4  feet  to  40  feet.  Moments 
in  foot  pounds  and  section  modulii  for  loads  in  pounds  per  lin.  ft., 
and  loads  concentrated  at  the  center  of  the  span  from  which,  by  fol¬ 
lowing  the  directions  on  the  diagram,  all  the  above  information  can  be 
clearly,  easily  and  accurately  found. 

It  might  be  noted,  however,  in  passing  that  practically  all  of  this 
information  may  be  had  in  tabular  form  by  reference  to  the  latest 
hand  books  published  by  the  various  steel  companies,  most  pre¬ 
eminently  the  one  just  off  the  press,  by  the  Carnegie  Steel  Company. 
Such  of  the  newer  sections  whose  properties  cannot  be  found  on  this 
diagram  will  be  found  in  full  in  the  handbooks  of  the  corporations 
rolling  such  sections  most  of  which  handbooks  give  working  loads  and 
sections  modulii,  etc.,  as  completely  for  the  newer  sections  as  those  with 
which  we  are  more  familiar. — J.  A.  F. 
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E.  K.  MORSE 

Consulting  Civil  Engineer 
1801-2  Commonwealth  Building 
316  FOURTH  AVENUE 
PITTSBURGH,  PA. 


THE  W.  G.  WILKINS  COMPANY 
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Engineers  and  Chemists 

Seventh  and  Bedford  Aves.  Pittsburgh,  Pa. 


W.  E.  FOHL 

Consulting  Engineer 

Farmers  Bank  Building,  Pittsburgh,  Pa. 

Financial,  Developement  and  Operating 
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FREDERICK  G.  CLAPP 

Managing  Geologist 

Associated  Geological  Engineers 

Consulting  Specialists  on 
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Boiler  Shops  a  specialty. 

Bessemer  Building,  Pittsburgh,  Pa. 


Phone  Grant  3023  J 

ROE  &  RATHE 

712lLewis  Building 

Designing  Estimating 

Patent  Drawing  and  General  Drafting 
Dies,  Drill  Jigs,  Milling  Fixtures  and  Labor 


WM.  McCLURG  DONLEY 

MUNICIPAL  ENGINEER 

Mem.  Am.  Soc.,  C.  E. 

Engineer  for  Carrick,  Mt.  Oliver,  St.  Clair, 
Knoxville  and  Baldwin  Twp. 

Mt.  Oliver  Station,  PITTSBURGH,  PA. 


S.  DIESCHER  &  SONS 

Consulting,  Mechanical  and  Civil  Engineers 

IRON  AND  STEEL  WORKS  AND  GENERAL 
MANUFACTURING  PLANTS 

1503-4-5-6  Farmers  Bank  Building, 
Pittsburgh,  Pa. 


Telephone  Highland  468-W 

Francis  Z.  Schellenberg,  C.  E. 

Consulting  Engineer 

Railroads - Mines - Coal  Lands 

Address,  5746  Howe  St.,  Pittsburgh,  Pa. 


SAMUEL  E.  DUFF 

Consulting  Engineer 

Designing,  Superintendence,  Inspection, 
Examinations  and  Reports  on  Manufacturing 
Plants  for  purposes  of  extension  or  rear¬ 
rangement  to  secure  economy  of  operation. 

EMPIRE  BUILDING,  PITTSBURGH,  PA. 


FREDERICK  W.  WINTER 

Counselor  at  Law 

Patent,  Trade-Mark  and  Copyright  Causes 
1344  Oliver  Building,  Pittsburgh 


KAY  &  TOTTEN  . 

Counselors  at  Law 

Patents  and  Patent  Causes 
1359-62  Frick  Building  Annex.  Pittsburgh,  Pa. 


M.  ARTHUR  KELLER 
Patent  Attorney 

Oliver  Building 

PITTSBURGH 


WALTER  W.  MACFARREN 

Mechanical  Engineer 

And  Solicitor  of  Patents 


Bessemer  Building  Pittsburgh,  Pa. 

Designer  of  Special  Machinery 


When  writing  Advertisers  please  mention  “Proceedings.” 
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PROFESSIONAL  CARDS— CONTRACTORS 


EMIL  SWENSSON,  C.  E. 

M.  Am.  Soc.  C.  E. 

Consulting  and  Constructing  Engineer. 

Telephone,  Bell  3353  Court  925  Frick  Building  PITTSBURGH,  PA. 

Bridges,  Elevated  Roads,  Office  and  Mill  Buildings,  Cars.  Ocean  Piers  and  Docks,  Ore  and  Coke 
Bins  and  other  Steel  Structures;  Manufacturing  Plants.  Rail  Roads,  Rapid  Transit  Systems  and 
Street  Railways,  Foundations.  Examinations,  Valuations  and  Reports  for  investment. 


JULIAN  KENNEDY 

ENGINEER 


Cable  Address 
ENGINEER.  Pittsburg 


PITTSBURGH,  PA.  U.  S.  A. 


PITTSBURGH  PIPING  &  EQUIPMENT  CO. 

Piping  Engineers  and  Contractors 

Complete  Piping  Installations  lor  Power  Plants  of  all  kinds 
Office  and  Works,  35th,  Charlotte  and  Smallman  Sts.,  PITTSBURGH,  PA. 

Boston  Cleveland  Chicago  Birmingham  San  Francisco 

PITTSBURGH  VALVE,  FOUNDRY  &  CONSTRUCTION  CO. 

Engineers,  Founders,  Pipe  Fitters  and  Machinists. 

Complete  Erection  of  Piping  a  specialty,  Estimates  Cheerfully  Furnished, 

Office  and  Works,  26th  Street  and  A.  V.  R.  R.  PITTSBURGH,  PA. 


ROBERT  W.  HUNT  &  CO. 

Bureau  of  Inspection,  Tests  and  Consultation. 

NEW  YORK,  CHICAGO,  PITTSBURGH. 

- INSPECTION  OF - 

Rails  and  Fastenings,  Electrical  Equipments.  Cars,  Locomotives 

Pipes,  Machinery,  Etc. 

Bridges,  Buildings  and  other  Structures. 

Chemical  and  Physical  Laboratories.  Reports  and  Estimates  on  Properties 

and  Processes. 


GULICK-HENDERSON  CO. 

Inspecting  and  Testing  Engineers 
Physical  and  Chemical  Laboratories 
439  Third  Ave.,  Pittsburgh 
Chicago  New  York 


S.  H.  STUPi^KOPP 

Manufacturer  of  High  Class  Pyrometers 
Scientific  Instruments,  etc. 
Laboratories  for  Thermal  tests  and  for  testing 
Recalibrating  and  Repairing 

ELECTRICAL  MEASURING  INSTRUMENTS 
401-431  AMBERSON  AVE.  SHADYSIOE,  PITTSBURGH 
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g.  w.  McClure,  son  &  co. 

ENGINEERS  AND  CONTRACTORS 

Fire  Brick  Hot  Blast  Stoves 
Blast  Furnace  Construction, 

Open  Hearth  and  Heating  Furnaces 

BESSEMER  BUILDING,  PITTSBURGH,  PA. 


Bell  Court  2322 

GEO.  J.  HAGAN  CO. 
STOKER  FIRED  FURNACES 
Save  20%  to  75%  cost  of  fuel.  700  in  operation 
Peoples  Bank  Bldg..  Pittsburgh,  Pa. 


Engineers’  Society  of  Western  Pennsylvania 

INCORPORATED  1880 


OFFICERS  FOR  1913 

President, 

S.  A.  TAYLOR. 

Vice-Presidents, 

A.  R.  RAYMER,  A.  STUCKI. 

Secretary, 

ELMER  K.  HILES. 

Treasurer, 

A.  E.  FROST. 


Directors, 

j.  Term  expires  January,  1914. 
|  Term  expires  January,  1915. 
j.  Term  expires  January,  1916. 
|  Junior  Past  Presidents. 


SAMUEL  E.  DUFF, 
G.  H.  BARBOUR, 

A.  L.  HOERR, 

W.  C.  HAWLEY, 

E.  H.  HASLAM, 

W.  E.  SNYDER. 

WALTHER  RIDDLE, 
JAMES  O.  HANDY, 


STANDING  COMMITTEES. 

Entertainment. 

E.  H.  HASLAM,  Chairman. 

Finance. 

SAMUEL  E.  DUFF,  Chairman. 

House. 

JAMES  O.  HANDY,  Chairman. 

Publication. 

A.  L.  HOERR,  Chairman. 

FRED  CRABTREE,  W.  E.  MOTT, 

EDWARD  GODFREY,  G.  H.  NEILSON, 

O.  P.  HOOD,  M.  B.  SPAULDING. 


MECHANICAL  SECTION. 

G.  H.  NEILSON,  Chairman.  R.  S.  FEICHT,  Vice  Chairman. 


STRUCTURAL  SECTION. 

EDWARD  GODFREY,  Chairman.  C.  G.  SCHADE,  Vice  Chairman. 
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PROCEEDINGS 

- OF  THE - 

ENGINEERS’  SOCIETY 

OF  WESTERN  PENNSYLVANIA 

INCORPORATED  1880 


Edited  by  the  Secretary  under  the  direction  of  the  Publication  Committee. 
Published  Monthly,  except  August  and  September. 


Reprints  from  this  publication,  which  is  copyrighted,  may  be  made 
by  any  other  publication  on  condition  that  the  full  title  of  paper,  name 
of  author,  page  reference,  and  date  of  presentation  to  the  Society  are 
given.  This  does  not  apply  to  matter  under  Engineering  Data,  repub¬ 
lication  of  which  is  reserved  to  the  Society. 

No  paper  read  before  the  Society  shall  be  published  in  any  maga¬ 
zine  or  journal  before  its  appearance  in  the  Proceedings,  and  no  paper 
previously  published  shall  be  published  in  the  Proceedings  without 
authority  from  the  Publication  Committee. 

All  papers,  on  their  acceptance  by  the  Publication  Committee,  be¬ 
come  the  property  of  the  Society,  and  it  lies  within  the  discretion  of  the 
Committee  to  publish  them  in  whole  or  in  part.  This  will  always  be 
done,  if  possible,  with  the  approval  of  the  author. 

The  Society,  however,  does  not  hold  itself  responsible  for  opinions 
expressed  by  its  members. 

The  Society  will  mail  monthly,  except  August  and  September,  to 
correspondents  and  advertisers,  postage  prepaid,  a  copy  of  the  Pro¬ 
ceedings;  each  one  containing  the  minutes  of,  and  the  papers  read  at 
the  regular  meeting  and  meetings  of  the  Mechanical,  and  Structural 
Sections. 

The  Proceedings  are  for  sale  at  the  following  prices: 

1  to  10  copies,  50c  apiece. 

10  “  50  “  35c 

The  author  of  a  paper  is  entitled  to  25  copies  of  the  number  con¬ 
taining  his  paper.  He  may  also  have  any  additional  number  he  desires 
at  ten  cents  each,  provided  they  are  ordered  before  going  to  press. 

Subscription  price  $5.00  per  annum.  To  colleges  and  public  li¬ 
braries  who  agree  to  bind  and  catalogue,  subscription  price  is  $1.00  per 
annum. 

Back  numbers  that  are  becoming  scarce  are  higher.  Prices  will 
be  quoted  by  the  Secretary. 

Back  volumes  are  for  sale  at  the  following  price:  Volumes  1,  5,  6, 
7,  8,  9,  10,  paper  bound,  $2.00;  cloth  bound,  $2.75. 

Sets  of  Volumes  11,  12,  13,  14,  15,  16  ready  for  binding,  $2.00; 
bound  in  cloth,  $2.75. 

Volumes  17,  18,  19,  20,  21,  22,  23,  24,  25,  26  and  27,  ready  for  bind¬ 
ing  $5.00;  cloth  bound,  $5.75. 

Volumes  2,  3,  4,  cannot  be  furnished. 


ADVERTISING  RATES  ARE  REASONABLE.  WILL  BE  QUOTED  ON  APPLICATION 
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the  Engineer 

We  have  an  attractive  proposition  for  the  use  of 
Central  Station  power  service  in  large  industrial  estab¬ 
lishments.  If  you  are  designing  any  plant  additions  or 
rebuilding,  we  would  be  pleased  to  have  an  opportunity 
to  submit  this  proposition  before  you  make  your  final 
decision  as  to  the  power  to  be  used.  We  feel  we  can 
save  your  client  money  in  the  operation  of  his  plant. 
Call  3200  Grant  and  ask  to  have  our  power  Engineer 
call. 


Allegheny  County  Light  Co. 

435  SIXTH  AVENUE,  PITTSBURGH. 


NATIONAL 
BA  N* 


PITTSBURGH 


Because  of  location,  equipment, 
personnel  and  resources,  this  bank 
is  prepared  to  extend  a  service  bet¬ 
ter  than  the  best  in  handling  your 
personal  or  business  account. 


Fifth  and  Liberty  Aves. 


ASSETS  $7,500,000.00 


Fort  Pitt  hotel 

Penn  Avenue  and  Tenth  Street 
Pittsburgh,  Pa. 

C.  A.  Blanchard  -  Manager 


When  writing  Advertisers  please  mention  “Proceedings.” 
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ROLLING  MILL  MACHINERY — ENGINES 


( 


UNITED  ENGINEERINGS  FOUNDRY 

COMPANY 


Complete  Equipment  for  Iron,  Steel  and  Tube  Works. 


“Largest  Roll  Makers  in  the  World.” 
“Makers  of  the  Largest  Rolls.” 


Steel  Castings  up  to  50  tons. 

Rolling  Mill  Brasses  a  specialty. 

High-Speed  Steam-Hydraulic  Forging  Presses 

We  also  design  and  build  heavy  special  machinery. 

FARMERS’  BANK  BUILDING,  PITTSBURGH,  PA..  U.  S.  A. 


MESTA 

HIGH  SPEED  BLOWING 

ENGINES 

The  special  features  of  the  Mesta 
High  Speed  Blowing  Engines”  are 
the  patented  Air  Valves  which  per¬ 
mit  the  engine  to  be  run  constantly 
and  economically  at  80  revolutions 
per  minute. 

Six  of  these  engines  are  in  success¬ 
ful  operation  in  well  known  Blast 
Furnace  plants  at  the  present  time. 

Air  and  Steam  Cylinders  84  in.  Diameter;  Stroke 
60  in..  Weight  500,000  lbs. 

MESTA  MACHINE  COMPANY 

PITTSBURGH,  PA.,  U.  S.  A. 


When  writing  Advertisers  please  mention  “Proceedings.” 
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VALVES 


Jenkins  '96  Sheet  Packing 

Makes  Ti  ght  and  Durable  Steam  Joints. 

The  high  grade  compound  used  makes  it  suitable 
for  all  kinds  of  steam  joints,  also  for  use  under 
pressures  of  water,  ammonia,  acids,  and  the  like. 
Jenkins  ’96  Packing  is  flexible  enough  to  bend  easily 
without  cracking,  so  that  it  will  readily  fill  up  any 
roughness  or  unevenness  of  surfaces,  and  has  other 
valuable  characteristics  which  make  it  an  ideal 
joint  packing.  Write  for  a  sample. 

JENKINS  BROS. 

New  York,  Boston,  Philadelphia,  Chicago,  London, 


SOFTENING 

AMD 

F~  I  l_T  F=?  AT  I O  r  J 

FOR  BOILER  FEED  AND  ALL  OTHER  USES 

WM  B.SCAIFE  S  SONS  CO..  PITTSBURGH.  PA. 


If  you  have  a  problem  relating  to  softening  feed  water,  heating  water 
for  boiler  feed  and  other  purposes,  or  the  removal  of  water  from  live 
steam,  or  oil  and  water  from  exhaust  steam,  we  shall  be  pleased  to 
assist  you  with  information  and  suggestions  based  on  twenty  years’ 
experience  in  work  of  this  kind.  Send  conditions  of  your  plant,  rnd  ask 
for  special  literature.  Want  a  daily  record  of  what  your  boilers  are 
doing.  Write  us. 

Harrison  Safety  Boiler  Works,  3 1 50  N.  1 7th  St.,  Philadelphia, Pa, 
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PITTSBURGH  METER  COMPANY 

WATER  METERS 

General  Offices  and  Works,  East  Pittsburgh,  Pa. 

NEW  YORK, 149  Broadway  KANSAS  CITY .  6  W.  Tenth  St. 

CHICAGO,  337  W.  Madison  St.  COLUMBIA,  S.  C.,  1230*  Washington  St 

SEATTLE, .  1  15  Prefontaine  Place. 


Water  Meters 


CROWN.  EMPIRE, 
NASH,  GEM  and 
PREMIER 


Positive  Displacement  and  Velocity 

For  |  inch  to  60  inch  Pipes 


National  Meter  Company 


NEW  YORK  OFFICE 
84  &  86  Chambers  St. 


HOUSE  BUILDING 

PITTSBURGH,  PA. 


Dravo  -  Doyle  Company 

Merchant  Engineers 

Pittsburgh  Cleveland  Philadelphia  Chicago* 
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MACHINERY 


Westinghouse  Electric  &  Mfg.  Co. 


EVERYTHING  ELECTRIC 

Address  Nearest  District  Office  for  Information. 


Atlanta 

Baltimore 

Boston 

Buffalo 

Chicago 


Cincinnati  Detroit  Los  Angeles  New  York  Pittsburgh 

Denver  Kansas  City  New  Orleans  Philadelphia  St.  Louis 

Westinghouse  Elec.  &  Mfg.  Co,,  Ltd.,  Dallas  and  El  Paso,  Tex.  Salt  Lake  City 
Canada:  Canadian  Westinghouse  Co.  Ltd.,  Hamilton,  Ont.  Seattle^0'800 
Mexico:  Compania  Ingeniera,  Imdortadora  y  Contratista,  S.  A.,  Successors  to 
G.  &  O.  Braniff  Company,  City  of  Mexico 


The  Westinghouse  Machine  Co. 

Designers  and  Builders  of  Steam  Engines,  Steam 
Turbines,  Gas  Engines,  Gas  Producers,  Condensers 
and  the  Roney  Mechanical  Stoker. 

For  Particulars  Address  Nearest  Sale  Office: 


New  York,  165  Broadway. 

Boston,  131  State  Street. 
Cleveland,  S wetland  Bldg. 
Chicago,  39  South  La  Salle  Street; 
Cincinnati,  Traction  Bldg, 


Atlanta,  Candler  Bldg. 

St.  Louis,  Chemical  Bldg. 
Pittsburgh.  Westinghouse  Bldg. 
Philadelphia,  N.  American  Bldg. 
Denver,  Gas  &  Electric  Bldg. 
San  Francisco,  Hunt,  Mirk  &  Co 


FOR  HIGH  PRESSURE  AND  EXACTING  SERVICE  THE 

HOMESTEAD  VALVE 

Is  unequaled.  The  patent  construction  of  this  valve  prevents  leakage  and  insures  ease 
and  speed  of  operation. 

Made  in  Straightway,  Threeway  and  Fourway  patterns  for  high  and  low  pressures. 

Our  booklet  tells  why  it  has  the  above  advantages  and  will  be  sent  on  request. 

HOMESTEAD  VALVE  MFG.  CO. 

Works.  Homestead  P.  O.  Box  1754,  Pittsburgh,  Pa. 


Unrivaled  Service  for  the  Chemical  Engineer  and  Metallurgist 

This  is  what  is  offered  by  METALLURGICAL  AND  CHEMICAL  ENGL 
NEERING,  which  thoroughly  covers  practice  and  progress  in  industrial  chemistry, 
electrochemistry  and  in  all  branches  of  ore  treatment  and  refinement,  including 
the  smelting  of  iron,  refining  and  heat  treatment  of  steel,  etc. 

This  Journal  is  a  great  technical  newspaper,  invaluable  for  reading  and  refer¬ 
ence  to  the  progressive  engineer,  chemist,  manager  and  superintendent  interested 
in  the  fields  it  covers. 

Write  today  for  a  sample  copy,  or,  better  still,  send  $2.00  for  a  yearly  subscription 
Published  Monthly,  $2.00  a  year.  Foreign  and  Canadian,  $2.50  a  year. 

METALLURGICAL  AND  CHEMICAL  ENGINEERING 

239  WEST  39th  STREET,  NEW  YORK 
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Union  Spring  and  Manufacturing  Company 

Manufacturers  of  Steel  Castings,  Coil  Springs,  Spring 
Plates,  Elliptic  Springs,  Journal  Box  Lids, 

Kensington  Journal  Boxes 

GENERAL  OFFICES,  OLIVER  BUILDING,  PITTSBURGH,  PA. 

50  Church  Street,  New  York.  N.  Y.  700  Fisher  Building,  Chicago,  III. 

Missouri  Trust  Building,  St.  Louis,  Mo. 

American  National  Bank.  Richmond,  Va. 

WORKS,  NEW  KENSINGTON,  PA  . 


NORTON  GRINDING  WHEELS 

ALUNDUM  CRYSTOLON 

-  EXCLUSIVE  AGENTS  - 

LARGE  STOCK  ALWAYS  ON  HAND 

* 

Somers,  ritler&  Todd  Go. 

327  Water  Street,  PITTSBURGH,  PA. 


Taylor-Wilson  Manufacturing  Go. 

MANUFACTURERS  OF 

PIPE  MILL  MACHINERY 

Pipe  Threading  and  Cutting  Machines,  Socket  Tappers,  Testing 
Benches,  Cross  Rolls,  Socket  Reamers  and  other  machinery  used 
in  the  manufacture  of  Wrought  Iron  Pipe.  Special  Machinery. 

MACHINE  MOLDED  GEARS 

THOMSON  AVENUE,  telephone  171  victor  McKEES  ROCKS  PA. 
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SHOP  EQUIPMENT— MACHINERY 


Economists  and  Engineers  in 
the  manufacture  of  everything 
for  the  Mechanical  Trans¬ 
mission  of  Power. 

“ Independence ”  Split  Wood 
Pulleys 

“Standard”  Split  Iron  Pulleys 
Friction  Clutches 

Adjustable  Post  and  Drop  Hangers 
Self-Lubricating  Bearings 
Safety  Collars  and  Couplings 
Shafting 

Elevating  and  Conveying  Machinery 
Water  Softeners  and  Purifiers 

“SERVICE  ON  THE  MOMENT” 

Dodge  ManufacturingGompany 

General  Offices  and  Works,  Mishawaka,  Indiana 

Pittsburgh  Branch,  351  Second  Avenue 

Philadelphia  Branch,  815  Arch  Street 


CYLINDERS  RE-BORED 

IN  THEIR  PRESENT  POSITIONS 

We  send  Competent  Machinists  with 
portable  tools  to  your  plant— to  Re-Bore 
Cylinders,  Corliss  Valve  Seats,  Fly  Wheels 
— to  Re-Bore  Crank=Pin  Holes,  either  straight 
or  taper— to  True  Up  Crank=Pin  Bearings— 
To  Plane  Up  Slide  Valve  Seats. 

Corliss  and  other  Makes  of  Engines  Repaired  Promptly 

WILLIAM  RENTON,  Inc.,  ENGINE  BUILDER 
Phone  963  Court  101-103  Water  St,  Pittsburgh,  Pa. 


TESTED 
STEEL  CHAIN 

Don’t  risk  accident  with 
chain  you  don’t  know 
about. 

Proof  certificate  of  test 
given  with  every  order 
of  J.  &  L.  chain. 

Our  chain  is  made  from 
most  carefully  selected 
material,  under  care  ful 
supervision — in  short,  it 
is  J  &  L  quality  and  work- 
manship  throughout. 

Send  for  chain  catalogue. 

JONES  &  LAUGHLIN 
STEEL  COMPANY 

American  Iron  &  Steel  Works 
PITTSBURGH 


“MORSE” 

Twist  Drills  and  Tools 

♦ 


The  necessary  requirements 
of  high-class  tools  are  Speed, 
Exactness,  Quality,  Economy. 
All  are  combined  in 

“MORSE”  TOOLS 

For  nearly  Fifty  Years  they 
have  been  known  by  and  sold 
to  thousands  of  satisfied  users. 
They  are  up-to-date,  pro¬ 
gressive,  well-made,  accurate 
tools.  Carbon  and  High  Speed 
Steel. 

Twist  Drills,  Reamers,  Gutters 

Send  for  Illustrated  Catalogue 
Free  to  all  interested 

Morse  Twist  Drill  & 
Machine  Co. 

New  Bedford,  Mass.,  U.  S.  A. 
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ESTABLISHED  1863 

Phillips  Mine  &  Mill  Supply  Co. 

PITTSBURGH,  PA. 

Works,  South  23d,  24th,  Jane  and  Mary  Sts.  . 
Office,  2227  Jane  Street 


Screens,  Gar  Dumps, 

Screen  Bars,  Gars, 

Screening  Plants  Gar  Wheels 
Gomplete,  Larry  Wagons, 

Ditchings,  Etc. 


LET  US  SUBMIT  PLAINS  AND  ESTIMATES. 
MANUFACTURERS  OF 

COAL  and  COKE  WORKS  EQUIPMENT 


- JEFFREY - - 

Coal  Mine  Equipments,  Elevating,  Convey¬ 
ing  and  Power  Transmission  Machinery 

WRITE  FOR  CATALOGS 

JEFFREY  MFG.  CO.,  COLUMBUS,  OHIO 


STANDARD  CHAIN  COMPANY 

PITTSBURGH,  PA. 

CHAINS  OF  HIGHEST  QUALITY  MADE  FROM  IRON  ROLLED  TO 
SPECIFICATION  IN  OUR  OWN  MILLS 


“THE  FUSE  YOU  WILL  USE”  Reiaaur  Patent  1331 2 

DAUM’S  REFILLABLE  CARTRIDGE  FUSE  SHELLS 

N.  E.  C.  S:  FOR  ELECTRIC  LIGHT  AND  POWER  CIRCl  US 

Adopted  as  Standards  by  some  of  the  largest  Corporations  in  the  United  States  and  Canada' 
Saves  Money,  Time  and  Trouble.  Easy  to  REFILL  with  Fuse  Wire  as  often  as  they  blow  out.  LAST 
FOR  YEARS.  Engineers  send  for  free  sample.  Trial  orders  on  30  days  approval  to  responsible 

parties.  Write  TO-DAY.  A.  F.  DAUM  GO;,  PIT  ISBUR Gil.  PA. 
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STRUCTURAL  STEEL 


ROOFING  SHEETS 

Made  of  old-fashioned,  Hammered,  Puddled  Iron 

REINFORCING  BARS 

Iron  and  Steel  Bars,  U.  S.  Navy  Iron  Bars  and  Chains, 

ALL  PIG  IRON  MUCK  BAR 

HENRY  F.  GILG 

BOTH  phones  1220  Success  Street,  Pittsburgh,  Pa. 


W.  N.  KRATZER  &,  COMPANY,  manufacturers 

Structural  Steel  Work 

Mill  Buildings,  Steel  anu  Concrete  Construction 

Beams,  Channels,  Angles,  etc.  in  stock  for  Rush  Orders. 

3212  to  3230  Smallman  Street,  Pittsburgh,  Pa. 


PITTSBURG  GONSTRUGTION  COMPANY 

Diamond  Bank  Building,  PITTSBURGH, 

Coal  Tipples,  Trestle  Work,  Grading,  Masonry. 

MILL  BUILDINGS— Constructed  of  Brick,  Wood,  Stone,  Concrete  and 

Steel. 


TURNBUCKLES  CLEVIS  NUTS 


THE  DIESEL  ENGINE  AS  MOTIVE  POWER  IN  THE  MERCHANT  MARINE, 

with  Special  Reference  to  the  Successful  Motor  Ship,  “Christian  X” 

By  OLE  K.  OLSEN,  Louisiana  Engineering  Society 

REINFORCED  CONCRETE  HIGHWAY  BRIDGES 

By  GEORGE  H.  HERROLD,  Civil  Engineers’  Society  of  St.  Paul 

DISCUSSION  OF  PAPER,  “RAILROAD  VALUATION” 

JOURNAL  OF  THE  ASSOCIATION  OF  ENGINEERING  SOCIETIES 

30  cents  per  copy.  FEBRUARY,  1913  $3.00  per  annum. 

FRED.  BROOKS,  Secretary,  31  Milk  Street,  Boston,  Mass. 
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CEMENT 


IS 


YOUR  ATTENTION 

IS  RESPECTFULLY  DIRECTED  TO  THE  FAC  T  THAT 
TIIE  FIVE  MILLION  BARRELS  OF 


ATLAS  PORTLAND  CEMENT 


ALREADY  SUPPLIED  BY  THIS  COMPANY  FOR  THE 
CONSTRUCTION  OF  THE  PANAMA  CANAL  HAVE 
BEEN  ACCEPTED  WITHOUT  THE  REJECTION  OF  A 
SINGLE  BARREL. 

Tiie  United  States  Government 

HAS  ORDERED  THIS  COMPANY  TO  SUPPLY,  IN 
ADDITION,  ALL  THE  CEMENT  NECESSARY  TO  COM¬ 
PLETE  TOE  WORK  IN  TIIE  ENTIRE  CANAL  ZONE. 


The  Atlas  Portland  Cement  Co. 


ALPHA 

PORTLAND  CEMENT 

The  Recognized  Standard  American  Brand. 
Only  One  Grade  Manufactured. 

ANNUAL  OUT-PUT  7,000,000  BARRELS 


PITTSBURG  OFFICE, 

OLIVER  BUILDING 


GENERAL  OFFICE. 

EASTON,  PA. 


D.  J.  Kennedy  Company 


SOLE  DISTRIBUTERS 


LEHIGH  PORTLAND 
VICTORIA  KEENE’S 
CUMBERLAND 
POTOMAC 


ROMAN 

ASBESTIC 

WALL 

PLASTER 


1501  Arrotit  Building  6366  Frankstown  Ave. 
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SAND  AND  FIRE  BRICK 


TELEPHONES: 

C.  D.  &  P.  1363  Court 
P.  &.  A.  2292  Main 


Main  Office 


YarHq  3  C.  D.  &  P.  129  Brady 
iaras  ,  ,,  790  Court 


STEAMERS 

MARGARET  CHARLOTTE 
REBECCA  HARRIET 


RODGERS  SAND  CO. 

Dealers  and  Shippers  of  all  kinds  of 

Sand  and  Gravel 


By  RIVER,  RAIL  or  WAGON 


32 1  Water  Street,  PITTSBURG,  PA. 


IRON  CITY  SAND  GOMPANY 

Dealers  in  RIVER  SAND  AND  GRAVEL 


Office,  Room  709  Fulton  Bldg.,  cor.  Sixth  St.  &  Duquesne  Way,  Pittsburgh,  Pa. 

Bell  Telephone  Grant  2017.  P.  &  A.  Telephone  Main  1598, 


“SALINA” 

“ETNA” 

“LYON” 

“YOUGH” 


ESTABLISHED  1845 


PITTSBURGH,  PA. 


Manufacturers  of 
High  Grade 
FIRE  CLAY  and 
SILICA  BRICK 


Engineering-Contracting 

tells  how  all  classes  of  work  are  done  so  as  to  save  money  and 
make  money,  and  it  gives  itemized  prices  covering  every  detail 
of  the  construction.  These  are  taken  from  the  private  records 
of  men  having  charge  of  the  work  and  are  reliable  and  valu¬ 
able.  This  is  a 

Methods  and  Cost 

periodical  and  the  only  one  of  its  kind  in  the  world.  It  is  read 
regularly  (and  in  nearly  every  case  the  files  are  kept  for  per¬ 
manent  binding)  BY  MORE  PERSONS  INTERESTED  IN 
ENGINEERING  CONSTRUCTION  THAN  READ  ANY 
OTHER  SINGLE  PERIODICAL. 

Price,  $2  for  52  Issues.  Sample  Copies — FREE 


ENGINEERING-CONTRACTING 

355  DEARBORN  STREET,  -  -  -  CHICAGO 
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B.  K.  Elliott  Company 


TRANSITS  and  LEVELS 


of  all  best  known  makes. 

Repairing  of  old  instruments. 


DRAWING  MATERIALS 

of  every  description. 

We  are  the  Largest  Manufacturers 
between  New  York  and  Chicago. 


108  Sixth  St,  PITTSBURGH,  PA. 


PITTSBURGH  INSTRUMENT  &  MACHINE  CO. 

236  THIRD  AVE.,  PITTSBURGH,  PA. 

Manufacturers  of 

TRANSITS  AND  LEVELS 

We  repair  Field,  Mine  and  Drafting  Room  Instruments 

Best  Equipped  Shop  in  Western  Penna. 


40%  DISCOUNT 

On  all  Drawing  Instruments  and  Engineering  Supplies  to  close 

out  this  department 

W.  M.  STIEREN  OPTICAL  CO. 

211  SEVENTH  STREET,  Between  Penn  and  Liberty 


KURTZ,  LAINGBEIN  dc  SWARTZ 

535  WOOD  STREET  AT  SIXTH  AVENUE 
AGENT  TOR  KEUFFEL  &  LSSER  CO.’S  DRAWIING  MATERIALS 

Newer  and  better  ideas  than  any  other  house.  Catalogue  for  the  asking. 


'IIFIf/M  MEASURING 

urK/rv  TApK 

ARE  SUPERIOR. 

This  is  the  verdict  of  those  who  have  used  them,  and  it’s  the  principal 
|  reason  for  our  increasing  sales.  It  will  be  proved  to  you  if  you  try  them 

the /ufk/n  Pule  fio. 


Sold  Everywhere 
NEW  YORK 


Send  for  Catalog 

SAGINAW,  MICH. 
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UNVERSITIES  AND  SCHOOLS 


SCHOOL  OF  MINES,  UNIVERSITY  OF  PITTSBURGH 

M.  E.  Wadsworth,  A.  M.,  PH.  D.,  Dean. 

New  building,  new  laboratories,  and  equipment.  Located  in  a  great  Mining 
and  Metallurgical  center.  Courses  in  Ceramlsc,  Cements,  Concretes,  Geology, 
Metallurgy,  Assaying,  Mineralogy,  Mining,  Surveying,  Engineering,  Mining  Geo¬ 
logy,  Economics  and  Law,  Ore  Dressing,  Coal  Washing,  Paleonotology, 
Petrography,  etc.  For  Bulletin,  Address 

S.  B.  LINHART,  Secretary  of  the  University,  Grant  Boulevard,  Pittsburgh. 


NORWICH  UNIVERSITY 

THE  MILITARY  COLLEGE  OF 
VERMONT. 

Civil  and  Electrical  Engineering 

NORTHF1ELD,  VT. 


Rensselaer  Polytechnic  Institute 

V  SCHOOL  of  \\ 
*4%  ENGINEERING 

Civil,  Mechanical,  Electrical 

Send  for  a  Catalogue.  TROY,  N.Y. 


CUTS  THAT  SUPPORT  A  BUSINESS 
REP  UTAT I  ON  . 

ZINC,  HALE-TONE  AND  WOOD 

ARROTTPOWER'BLG/  .  N9  3-BAR  KER-PLACE 

X  PITTSBURGH,  PA..  V 


L.  C.  Smith  &  Bros.  Typewriter 

BALL  BEARING  -  -  LONG  WEARING 


An  example  of  the  highest 
refinement  of  mechanical 
skill. 

Every  practical  device  and 
convenience  is  inbuilt — not 
added. 

Ball  bearings  permit  close 
adjustments. 

All  operations  controlled 
from  the  keyboard. 

Write  for  free  book. 

L.  C.  Smith  &  Bros.  Typewriter  Co. 

SYRACUSE,  IN.  Y. 

BRANCHES  IN  PRINCIPAL  CITIES 


Machinery,  Equipment  and  Supplies 


INFORMATION  SERVICE 


Members  of  the  Engineers'  Society  of 
Western  Pennsylvania  desiring  in¬ 
formation  concerning  any  special  class 
or  make  of  Machinery ,  Equipment  or 
Supplies  are  invited  to  communicate 
with  Elmer  K.  Hiles ,  Engineers'  Society 
of  Western  Pennsylvania,  251 1  Oliver 
Building ,  Pittsburgh,  who  will  furnish 
the  information  as  promptly  as  possible 
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VANADIUM  STEEL— MACHINERY 


VANADIUM  STEEL 

1912  OUTPUT  90,000  TONS 

Vanadium  Blooms,  Billets,  Bars,  Forgings,  Castings 

IN  1905,  800  TONS  WAS  THE  TOTAL  ANNUAL  OUTPUT  OF 
VANADIUM  STEEL. 

This  means  that  7  years  experience  has  convinced  thousands  of  steel 
users  of  the  superiority  of  vanadium  steel. 

These  figures  are  based  on  the  sales  of  vanadium  for  1912. 

Y ou  may  not  have  used  vanadium  steel  to  solve  your  operating  and 
maintenance  problems. 

But  hundreds  of  others  have  solved  the  same  problems  by  adopting  it. 
You  have  only  to  profit  from  their  experience. 

Let  our  Engineers  consult  with  you. 

American  Vanadium  Company 

The  largest  miners  of  Vanadium  Ores  and  manufacturers  of 
Vanadium  Alloys  in  the  world 

340  VANADIUM  BUILDING,  PITTSBURGH,  PA. 


MACKINTOSH,  HEMPHILL  &  COMPANY 

FORT  PITT  FOUNDRY 


Twelfth  and 
Etna  Streets, 

Pittsburgh,  Pa. 

Manufacturers  of— 

Rolling  Mills, 

Hydraulic  or 
Geared  Shears, 
Presses, 

Punches,  Riveters. 

CORLISS,  REVERS¬ 
ING  and  BLOWING 

ENGINES 

Iron,  Steel  and  Brass 
Castings. 


Miscellaneous  jron  an(j  Steel  Works  Machinery 
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Scimatco  Optical  Pyrometers 


THE  BEST  AND  MOST  ACCURATE  INSTRUMENTS  FOR 
THE  MEASUREMENT  OF  HIGH  TEMPERATURES 


The  ideal  pyrometer  for  measuring  temperature  of 
materials  in  their  molten  state  and  the  only  pyro¬ 
meter  without  the  many  troublesome  features  experi¬ 
enced  in  the  application  of  all  other  devices  for  the 
same  purpose. 


We  invite  inspection  of  the  Scimatco  Optical  Pyrometers 
in  our  showrooms  and  will  send  literature  on  request. 


Scientific  Materials  Company 

713  -  719  FORBES  STREET 
PITTSBURGH,  PA. 

Headquarters  for  all  apparatus  for  Chemical,  Physical, 
and  Microscopical  Testing  of  Metals. 

Gas  Calorimeters  CO2  Recorders  Coal  Calorimeters 
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Regularity  in  the  setting  properties  of  Portland 
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STEEL  WORKS  ENGINEERING 

Recent  Papers  read  before  the  Engineers’  Society  of  Western 

P  ennslyvania. 

Regenerative  Stoves:  Their  Relation  to  Blast  Furnace  Practice. 

By  A.  N.  Diehl 

Supt.  of  Furnaces,  Duquesne  Works,  Carnegie  Steel  Company. 

An  Improved  Method  of  Drying  Air  for  Blast  Furnaces. 

By  Bruce  Walter 

Dry  Blast  Engineer,  Carnegie  Steel  Company. 

By-Product  Coke  Ovens. 

By  William  E.  Hartman 

Managing  Engineer,  H.  Koppers  Co. 

The  Electric  Furnace :  Its  Place  in  Siderurgy. 

By  P.  McNiven  Bennie 

Consulting  Electro- Chemical  Engineer. 

Electric  Furnace  Production  of  Pig  Iron  and  Pig  Steel. 

By  Jos.  W.  Richards 

Professor  of  Metallurgy,  Lehigh  University. 

Operation  of  Boiler  Plants  of  Industrial  Works. 

By  John  A.  Hunter 

Steam  Engineer,  American  Sheet  &  Tin  Plate  Company. 

Steam  Power  Plants. 

By  0.  S.  Lyford,  Jr.  and  R.  W.  Stovel 

Engineers,  Westinghouse,  Church,  Kerr  &  Co. 

Safety  Considerations  in  Industrial  Engineering. 

By  David  S.  Beyer 

Chief  Safety  Inspector,  American  Steel  &  Wire  Company. 

Copies  of  Proceedings  containing  these  articles  50  cents  each. 
Address  Elmer  K.  Hiles,  Secretary,  2511  Oliver  Building,  Pittsburgh. 
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